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Part A: Operations Manual
TDEC Reference

Chapter 0400-11-01,
Paragraph

Reference
Part A

1. Owner Scepter, Inc. .04(9)(c)1. Section 2.1

Responsible
Person

General Manager .04(9)(c)1.

2. Location of facility Humphreys County .04(9)(c)2. Section 2.2

Address 1485 Scepter Lane
Waverly, Tennessee 37185

.04(9)(c)2.

3. Compliance with buffer zone(s) .04(3)(b)
.04(9)(c)3.

Section 2.3

4. The facility is not located within 200' of a fault area that
had displacement

.04(2)(u)

.04(9)(c)4.
Section 2.4

5. The facility is not located in seismic impact area or zone .04(2)(v)
.04(9)(c)5.

Section 2.5

6. In unstable area the operator must consider the
following:
(i) On site or local soil conditions for differential

settlement
.04(2)(w)1.
.04(9)(c)6.

Section 2.6

(ii) On site or local geologic or geomorphologic
features

.04(2)(w)2.

.04(9)(c)6.
Section 2.6

(iii) On site or local human-made features (both surface
or subsurface)

.04(2)(w)3.

.04(9)(c)6.
Section 2.6

7. Access to and use of facility .04(2)(b)
.04(9)(c)7.

Section 2.7

8.  Methods and sequence of operation .04(9)(c)8. Section 2.8
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Part A: Operations Manual (continued)
TDEC Reference

Chapter 0400-11-
01, Paragraph

Reference
Part A

9. Types and anticipated volumes of waste:
(check appropriate type and indicate amount)

.04(9)(c)9. Section 2.9

10. Acres to be filled and acres permitted .04(9)(c)10. Section 2.10

11. Waste handling and covering program

(i) Unloading, spreading, compacting .04(6)(b)1.
.04(9)(c)11.(i)

Section 2.11

(ii) Frequencies and depths of cover (3 types) .04(6)(b)2.(i)
.04(9)(c)11.(ii)

Section 2.11

(iii) Soil balance/availability of cover .04(6)(b)2.(i)
.04(9)(c)11.(iii)

Section 2.11

12. Operating equipment .04(2)(g)
.04(9)(c)12.

Section 2.12

13. Procedure for controlling and collecting blowing litter .04(2)(d)
.04(9)(c)13.

Section 2.13

14. Management of erosion control facilities .04(2)(i)6.
.04(9)(c)14.

Section 2.14

15. Management of leachate collection facilities .04(4)(b)
.04(9)(c)15.

Section 2.15

16. Dust control measures and implementation .04(2)(j)
.04(9)(c)16.

Section 2.16

17. Fire safety precautions .04(2)(c)
.04(9)(c)17.

Section 2.17

18. Facility services .04(2)(e)
.04(9)(c)18.

Section 2.18
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Part A: Operations Manual (continued)
TDEC Reference

Chapter 0400-11-
01, Paragraph

Reference
Part A

19. Inspection of liners and cover systems

(i) Any new phase or expansion should be tested and
inspected by a P.E.

.04(9)(c)19.(i) Section 2.19
& Part D
CQA Plan

(ii) Each section should be certified by a P.E. .04(9)(c)19.(ii) Section 2.19
& Part D
CQA Plan

20. Containment of migration of explosive gases .04(5)(b)
.04(9)(c)20.

Section 2.20

21. Planned GW monitoring program

(i) Number and location of wells .04(7)(a)3.(i)
.04(9)(c)21.(i)

Section 2.21

(ii) Monitoring well construction .04(7)(a)3.(ii)
.04(9)(c)21.(ii)

Section 2.21

(iii) Parameters to be monitored .04(7)(b)2.
.04(7)(b)6.
.04(9)(c)21.(iii)

Section 2.21

(iv) Sampling and procedures .04(7)(b)3.
.04(9)(c)21.(iv)

Section 2.21

(v) How sampling and results will be recorded and
reported

.04(7)(b)4.

.04(7)(b)5.

.04(9)(c)21.(v)

Section 2.21

22. Engineering statement of site flood frequency .04(9)(c)22. Section 2.22

23. Impacts on endangered or threatened species .04(2)(m)
.04(9)(c)23.

Section 2.23

24. Random inspection program .04(2)(s)
.04(9)(c)24.

Section 2.24
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Part B: Closure/Post Closure Care Plan
TDEC Reference

Chapter 0400-11-
01, Paragraph

Reference
Part B

1. Contents of Plan

(i) Plan identifies steps necessary to completely or
partially close the facility at any point during
intended operating life

.03(2)(b)1. Section 2.1

(ii) Identifies steps to completely close at end of
intended operating life

.03(2)(b)1.

.04(8)(c)
Section 2.1

(iii) Identifies activities after closure and frequency of
activities

.03(2)(b)1.

.04(8)(d)

.04(8)(e)

Section 3.2

(iv) For phased development facilities, plan addresses
each parcel separately as well as the whole

.03(2)(b)1. Section 2.1

2. Plan includes a description of:

(i) How and when facility will be partially and finally
closed. Also includes expected year of closure

.03(2)(b)2.(i) Sections
1.2 & 2.1

(ii) Planned Groundwater and Surface water
monitoring and maintenance activities and
frequencies

.03(2)(b)2.(ii) Section
3.2.5 &
Part C
GWM Plan

(iii) Person or office, name and number to contact
during post closure

.03(2)(b)2.(iii) Section 1.3

(iv) Itemized estimate of third party cost of performing
closure and post closure

.03(2)(b)2.(iv) Appendix
B.1

(v) Planned uses of property during post-closure
period

.03(2)(b)2.(v) Section 3.3

3. In closure plan, operation addresses closure of active
portions and future active portions of facility.   In post-
closure care, operator addresses post-closure care of
closed, active, and future active portions

.03(2)(b)3. Sections
2.0 & 3.0
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Part E: Engineering Plans
TDEC Reference

Chapter 0400-11-
01, Paragraph

Reference
Part E

Drawing
P-

1. Plans, drawn at a scale not less than 1" = 100' and contour
interval no more than 5' that show locations of and/or
describe:
(i)  Proposed waste disposal areas .04(9)(b)1.(i) 3

(ii) Existing topography with pertinent features .04(9)(b)1.(ii) 2

(iii) On-site benchmarks, with reference to TN datum .04(9)(b)1.(iii) 3

(iv) GW, SW monitoring points and compliance
boundary

.04(9)(b)1.(iv) 4

(v)  Soil boring locations .04(9)(b)1.(v) 4

(vi)  Dikes, berms, trenches, excavation contours .04(9)(b)1.(vi) 4

(vii) Borrow and cover material storage area .04(9)(b)1.(vii) 5

(viii) Planned development of site (phases) .04(9)(b)1.(viii) 10,11,12,
     13

(ix) Temporary/permanent erosion control measures .04(9)(b)1.(x) 10
through 14

(x) Run-on/run-off diversions from work areas and
facility

.04(9)(b)1.(ix) 14

(xi) Existing/proposed utilities, structures, roads .04(9)(b)1.(xi) 3

(xii) Proposed final contours .04(9)(b)1.(xii) 9

(xiii) 100-year floodplain boundaries .04(9)(b)1.(xiii) Fig 3
Operations
Manual

(xiv) Leachate collection/treatment reservoirs and
associated piping

.04(9)(b)1.(xiv) 6

(xv) Gas migration control devices .04(9)(b)1.(xv) 9
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Part E) Engineering Plans (continued)
TDEC Reference

Chapter 0400-11-
01, Paragraph

Reference
Part E

Drawing
10W275-

2. Detailed diagrams, at a suitable scale, showing:
(i) Sections of erosion and run-on/run-off

control structures
.04(9)(b)2.(i) 18, 22, 23,

24
(ii) Sections of leachate collection/treatment

reservoirs
.04(9)(b)2.(ii) 17,18,19

(iii) Sections of gas migration control devices and
structures

.04(9)(b)2.(iii)    16

(iv) GW monitoring well installations .04(9)(b)2.(iv) HydroGeo
Report

(v) Sections of soil buffer, liner, leachate
collection system

.04(9)(b)2.(v) 16

(vi) Sections of final cover systems (including
required cap)

.03(2)(b)2.(ii)

.04(9)(b)2.(vi) 16

(vii) Sections of access roads .04(9)(b)2.(vii) 15
3. Cross sections (2 per operational area, as a

minimum) Scale: 1" = 100' as a minimum showing:
(i) Original ground surface elevations .04(9)(b)3.(i) 15
(ii) Proposed excavation depths .04(9)(b)3.(ii) 15
(iii) Proposed final elevations .04(9)(b)3.(iii) 15
(iv) Soil borings .04(9)(b)3.(iv) 15
(v) Configuration of soil buffer, liner, leachate

system; including slopes
.04(9)(b)3.(v)

15

(vi) Cells and lifts and associated berms and dikes,
and on-site roadways

.04(9)(b)3.(vi)
15

(vii) Configuration of final cover system .04(8)(c)3.(i)
.04(9)(b)3.(vii)

15

(viii) Configurations of any gas migration control
features

.04(9)(b)3.(viii) 9
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1.0 INTRODUCTION

This Operations Manual has been developed in support of the Part II Permit application for a new
on-site solid waste disposal facility required for Scepter, Inc. to continue disposing of aluminum
waste byproducts generated by the company.  The proposed disposal facility is identified as the
East Phase site, and is located immediately east of the existing landfill.

This Operations Manual has been developed in accordance with rules published by the
Tennessee Department of Environment and Conservation (TDEC), specifically Rule 0400-11-01-
.04. Scepter is requesting that TDEC issue a permit for the construction and operation of the
proposed disposal facility as a Class II facility.

Information presented in this document is organized to be consistent with the permit application
requirements of Rule 0400-11-01-.04(9). Sections within this application have been titled and
enumerated corresponding to the regulations to aid in the review process.

This Operations Manual is one of several required permit documents completed in support of the
Part II permit application. The permit application has been organized into the following Parts as
listed below:

Part A: Operations Manual;

Part B: Closure/Post-Closure Plan;

Part C: Groundwater Monitoring Plan;

Part D: Construction Quality Assurance Plan;

Part E: Engineering Plans; and

Part F: Design Calculations.

Additionally, this Operations Manual references the Scepter, Inc. Disposal Facility – East Phase
Site Hydrogeological Evaluation report of the Proposed Facility (herein, Hydrogeologic Report).
The Hydrogeologic Report was submitted to TDEC under separate cover.

The following italicized text is copied verbatim from the Tennessee Division of Solid Waste
Management Rule 0400-11-01-.04. For clarity of discussion, each response is provided in bold
text.
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2.0 NARRATIVE DESCRIPTION OF THE FACILITY AND OPERATION

Rule 0400-11-01-.04(9)(c). The Part II permit application must include, with appropriate
references to the engineering plans and hydrological report, a narrative clearly identifying the
following issues:

2.1 FACILITY OPERATOR

Rule 0400-11-01-.04(9)(c)1. Identifies the name of the individual responsible for operation and
maintenance of the facility;

The primary contact person responsible for operation and maintenance of the facility is:

Mr. Brian Griffin
General Manager
Scepter, Inc.
1485 Scepter Lane
Waverly, Tennessee 37185
(931) 535-3565

2.2 LOCATION OF THE FACILITY

Rule 0400-11-01-.04(9)(c)2. Describes the location of the facility using roads and highways;

This landfill is located on property owned by Scepter, Inc. near New Johnsonville,
Humphreys County, Tennessee.

The site can be reached by taking Exit 143 North from 1-40 West.  Proceed north on
Highway 13 to Waverly, then west on Highway 70, and then north on Scepter Road to the
guard shack at Scepter.  The site lies past and to the left of the guard shack.
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2.3 BUFFER ZONES

Rule 0400-11-01-.04(9)(c)3. Describes compliance with all applicable buffer zone standards
listed in paragraph (3) of this Rule. Each buffer zone standard must be specifically addressed
referencing the closest property line, residences, wells, and bodies of water as appropriate, and
maps may be attached for easy descriptions and references or otherwise demonstrate
compliance.

Rule 0400-11-01-.04(3)(a) Class I and II Disposal Facilities must be located, designed,
constructed, operated and maintained such that the fill areas are, at a minimum:

100 feet from all property lines;

As shown on the drawing P-3, the limits of fill are more than 100 feet from the closest
property lines.

500 feet from all residences, unless the owner of the residential property agrees in
writing to a shorter distance;

The site is located on the Scepter property within which there are no residences. The
nearest residences are located greater than a mile to the north on Winsteria Road.
Refer to the site Hydrogeologic Report for a regional view of the area.

500 feet from all wells determined to be down gradient and used as a source of drinking
water by humans or livestock;

As shown on the Hydrogeological Report, the limits of fill are surrounded on all sides
by a buffer greater than 500 feet with respect to down gradient wells used as sources
for drinking water. The Hydrogeologic Report provides the location of the nearest
drinking water wells.

200 feet from the normal boundaries of springs, streams, lakes, (except that this
standard shall not apply to any wet weather conveyance nor to bodies of water
constructed and designed to be part of the facility); and

Adjacent springs, streams, and lakes are identified in the Hydrogeological Report
along with the limits of waste placement.

There is a stream north of the fill area but it is not within 200 feet of any
fill area. The Tennessee River (Kentucky Lake) is not within 200 feet
of any fill area.  There are several surface water drainage features (wet weather
conveyances) and sediment ponds that are within 200 feet of the fill
areas, but that is allowed by Rule 0400-11-01-.04-3(a)4.

An unnamed intermittent stream has been delineated within or adjacent to the
project area as shown on the drawings which will be protected during landfill
construction. One intermittent stream is located more than 200 feet from the limits of
fill and will not be disturbed by landfill construction.
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Scepter will acquire an Aquatic Resource Alteration Permit from the Tennessee
Division of Water Pollution Control (TDWPC) and an Individual Permit (IP) from the
Army Corps of Engineers (COE) for impacts from a road crossing to the unnamed
intermittent stream within the project site.

A total site buffer with no construction appurtenance within 50 feet of the property line.

For the purposes of buffer discussion, refer to Drawing P-3. Adjacent property lines
are depicted along with all the construction elements associated with the facility. As
shown on the drawing, construction appurtenances are located more than 50 feet
from the closest property.

2.4 FAULT AREAS

Rule 0400-11-01-.04(9)(c)4. Describes its compliance with applicable siting requirements for
fault areas.

Rule 0400-11-01-.04(2)(u) New Class I and II SWLF units and lateral extensions shall not be
located within 200 feet (60 meters) of a fault that has displacement in Holocene time unless the
owner or operator demonstrates in the Narrative Description of the Facility and Operations
Manual that an alternative set back distance of less than 200 feet (60 meters) will prevent
damage to the structural integrity of the SWLF unit and will be protective of human health and
the environment.

Based on a review the United State Geological Survey (USGS) website which contains
information on faults and associated folds in the United States that are believed to be
sources of M>6 earthquakes during the Quaternary (the past 1,600,000 years including
Holocene Epoch), there are no known faults of this age located within the State of
Tennessee. The database is intended to be the USGS’s archive for historic and ancient
earthquake sources used in current and future probabilistic seismic-hazard analyses.
This website is a single source that summarizes important information on
paleoseismic (ancient earthquake) parameters. These data are compiled from
thousands of journal articles, maps, theses, and other documents, as referenced
therein. This database is currently located at:

http://earthquake.usgs.gov/hazards/qfaults.

2.5 SEISMIC IMPACT ZONES

Rule 0400-11-01-.04(9)(c)5. Describes its compliance with applicable siting requirements for
seismic impact zones.

Rule 0400-11-01-.04(2)(v) Class I and II disposal facilities shall not be located in seismic impact
zones, unless the owner or operator demonstrates that all containment structures, including
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liners, leachate collection systems, and surface water controls systems, are designed to resist
the maximum horizontal acceleration in lithified earth material for the site. The owner or
operator must place the demonstration in the Narrative Description of the Facility and
Operations Manual.

Pursuant to the Code of Federal Regulation (CFR) Title 40 PART 258: Criteria For
Municipal Solid Waste Landfills, Seismic impact zone means an area with a ten percent
or greater probability that the maximum horizontal acceleration in lithified earth
material, expressed as a percentage of the earth's gravitational pull (g), will exceed
0.10g in 250 years. The applicable seismic hazard map was originally published in 1991
by USGS (see Figure 1) and has since been updated by USGS and last published in 2008
(see Figure 2). Please note that the return period of 2% in 50 years is essentially
equivalent to 10% in 250 years.

As depicted in Figure 2, the site is located in a seismic impact zone. Consequently, the
landfill has been designed to withstand the seismic forces occurring during a
probabilistic earthquake. The supporting seismic design calculations are included in
Part F, Appendix F.4 of the permit application.

2.6 UNSTABLE AREAS

Rule 0400-11-01-.04(9)(c)6. Describes its compliance with applicable siting requirements for
unstable areas.

Rule 0400-11-01-.04(2)(w) Owners or operators of Class I and II disposal facilities located in
an unstable area must demonstrate that engineering measures have been incorporated into the
SWLF units designed to ensure that the integrity of the structural components of the SWLF unit
will not be disrupted. The owner or operator must place the demonstration in the Narrative
Description of the Facility and Operations Manual operating record. The owner or operator must
consider the following factors, at a minimum, when determining whether an area is unstable:

(Unstable area means a location that is susceptible to natural or human-induced events or
forces capable of impairing the integrity of some or all of the landfill.)

1. On-site or local soil conditions that may result in significant differential settlings;

The on-site and local soil conditions within and around the landfill footprint were
reviewed for susceptibility to the following: liquefaction, excessive or differential
settlement, and slope failure. A subsurface exploration program was undertaken at
the site as part of the permitting process which characterized the materials beneath
the proposed facility to support liquefaction, settlement, and slope stability analyses.
This exploration program is further detailed in the site Hydrogeologic Report.

Based on the design of the landfill, the underlying soil conditions do not indicate
construction of the landfill will result in significant differential settling. Calculations
related to the potential for liquefaction, settlement, and slope stability are provided in
Part F, Appendix F.4 of the permit application.
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2. On-site or local geologic or geomorphologic features; and

The on-site and local geologic and geomorphic features within and around the landfill
footprint were reviewed for the presence of the following: karst terrain (including
sinkholes, solution cavities, caves, etc.) and natural areas susceptible to landslides. A
subsurface exploration program was undertaken at the site as part of the permitting
process which characterized the materials beneath the proposed facility to assess the
presence of karst terrain and geological features susceptible to landslides. This
exploration program is further detailed in the site Hydrogeologic Report.

Review of the exploration program shows no soil or bedrock characteristics exhibiting
low strength, preferential failure planes or fissures, or other characteristics associated
with mass movement. Therefore, based on the location of the landfill, no areas which
indicate the presence of geologic or geomorphic features susceptible to landslides
were detected.

3. On-site or local human-made features or events (both surface and subsurface).

There are no on-site or local human-made features or events of any significance within
and around the landfill footprint. No evidence of surface or underground mining exists
at the site.

2.7 ACCESS CONTROL

Rule 0400-11-01-.04(9)(c)7. Describes the barriers, signs, procedures and other measures to be
used to control access to and use of the facility;

Rule 0400-11-01-.04(2)(b) Control of Access and Use.

1. The facility must have an artificial or natural barrier which completely surrounds the
active portion of the facility and must have a means to control entry, at all times,
through the gate or other entrances to the active portion of the facility.

The plant site and landfill can only be accessed by proceeding past the guard shack at
Scepter's main gate, which is staffed 24 hours a day.  Traffic must pass through an
additional gate for access to the landfill site.  Although the entire site boundary is
not currently fenced, adequate fences and other prohibiting barriers have been
installed as deemed necessary to control unauthorized access to, or use of, the site.

To further control access when the site is not in use, the access gate to the landfill will
be locked.  The guards will control access to the landfill, thus preventing unauthorized
access and use.  Keys to the gate will be provided to authorized personnel only.

The material intended for disposal will consist of nonhazardous waste material from
secondary aluminum rotary furnace operations (salt cake, baghouse dust, cooling tower
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sludge, and refractory furnace brick).  Authorized waste will include waste from
Scepter’s Operations.

1. If open to the public, the facility must have clearly visible and legible signs at the
points of public access which indicate the hours of operation, the types of materials
that will or will not be accepted, emergency telephone numbers, schedule of charges,
and any other necessary information.

The facility is a captive facility owned and operated by Scepter and is not open to the
public. Therefore, this regulation is not applicable. However, a sign is positioned at the
entrance to the facility identifying the site and stating that unauthorized access and
use are not permitted.  Information to be provided on the sign is:

Name of Entity Served: SCEPTER, INC.

Emergency Phone: 931/535-3565

Acceptable Waste: PROCESS WASTE AND REFRACTORY

FURNACE BRICK

2. If the facility is open to the public, or if it is otherwise necessary for proper operation,
roads within the facility, easement, and parking areas shall be designed, constructed,
and maintained so as to be accessible in all weather conditions. Traffic control signs
shall be provided as necessary to promote an orderly traffic pattern to and from the
solid waste discharge area to maintain efficient operating conditions.

The facility is a captive facility owned and operated by Scepter and is not open to the
public. Transportation of wastes from the Plant will be made along existing haul roads
running along the perimeter of the facility. The access road to the leachate collection
tanks will be designed, constructed, and maintained so as to be accessible in all
weather conditions.  Traffic control signs will not be necessary because the site will
have controlled access and will be used by Scepter personnel only.

Periodic maintenance of these roads will be completed as part of the operation of the
facility. Maintenance will include re-grading the surface, adding gravel as needed, and
cleaning roadside ditches to improve or provide drainage. Operational access roads or
ramps will be constructed as needed from the perimeter road to the disposal fill area
to provide access to the working face. A temporary turnaround area will be
constructed at the working face of the facility to provide for proper unloading of the
trucks.

3. The facility must have trained personnel present and on duty at all times it is in
operation to assure compliance with operational requirements and to prevent
entry of unauthorized wastes.
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The facility is a captive facility owned and operated by Scepter and is not open to the
public. Trained personnel will be present and on duty whenever solid waste is being
transported, deposited, or covered.  Their duty will be to assure compliance with
operational requirements and to prevent disposal of unauthorized wastes.

4. There must be no scavenging at the facility. Any salvaging or recycling operations
must be conducted at safe, designated areas (not working face) and times, and in
a sanitary manner.

Scavenging is not permitted at the facility, and is not anticipated due to the nature of
the waste disposed at the facility.  Any recycling of the material will be conducted at
safe, designated areas and times, and in a sanitary manner.

2.8 METHODS AND SEQUENCE OF OPERATIONS

Rule 0400-11-01-.04(9)(c)8. Describes the methods and sequence of operations;

The disposal facility will be developed in a series of cells through four phases over the
life of the landfill. Phases - 1, 2, and 3 will be constructed sequentially moving west to
east as additional disposal capacity is needed. Phase 4 will then be constructed to the
north and over existing Phases 2 and 3.  Each cell will be constructed with a composite
liner system as depicted on Drawing P- 17. Leachate will be collected at the low point
within the waste limits. Once waste is placed within a cell, any water collected by the
leachate collection and removal system will be considered leachate and will be
pumped to storage tanks prior to discharge under an existing NPDES permit.
Temporary storm water diversion structures, including ditches, rain flap berms,
sumps, and pumps will be used as needed to minimize storm water run-on into the
active portion of a cell. Non-contact storm water will be diverted to the sediment
basin. The active area of any cell will be minimized to reduce leachate generation and
the potential for fugitive dust emissions. In general, active areas will be limited to a
maximum working area of approximately 5 acres.

The general sequence of construction is depicted in Drawings P-10 through P-13.
Initial construction will consist of a cell within Phase I, the construction of the
Sediment Basin, and construction of a haul road to provide access from the plant to
the disposal facility.  As cells are developed, future cell areas will be utilized as
temporary stockpile, laydown and borrow areas.

Final top of waste placement grades are depicted on Drawing P-8. Surface water
drainage features and either intermediate cover or the final cover system will be
installed progressively as filling proceeds.
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2.9 TYPES AND ANTICIPATED VOLUMES OF SOLID WASTES

Rule 0400-11-01-.04(9)(c)9. Describes the types and anticipated volumes of solid wastes to be
disposed of and the sources which generate the waste, and for special wastes, the physical and
chemical characteristics of the wastes and any special handling procedures to be utilized;

This landfill is intended to receive only waste from secondary aluminum
processing operations consisting of waste cake material, baghouse dust,
cooling tower sludge, and waste furnace brick from aluminum furnaces only.

It is not the intent of Scepter, Inc. to accept waste from non-secondary aluminum
processing facilities, nor does Scepter intend to dispose of waste material other than
those identified as a result of the secondary aluminum production process. Only upon
written approval of the Tennessee Division of Solid Waste Management (DSWM)
would other special wastes be disposed in this landfill.

The salt cake and baghouse dust are generated during the recovery of aluminum from
scrap receipts.  The waste materials generated by Scepter will be stored inside a
building until they are transported, placed, compacted and covered in the proposed
landfill or, weather permitting, these materials may be transported to the landfill for
unloading, placing, compacting, and covering.  In either case, all salt cake will be
allowed to cool prior to landfill disposal.

Periodically the refractory furnace brick lining material in these secondary aluminum
processing facilities must be replaced.  The amount of refractory lining fill material, in
comparison to the salt cake being generated by a given furnace, is relatively minor.

The primary wastes generated by Scepter are salt cake at approximately 90% of the
volume and baghouse dust being the other 10%.    These are wastes consisting of
sodium and potassium salts, aluminum oxides, ammonia, and other trace metal
oxides.

TABLE 1. SUMMARY OF WASTE DISPOSAL VOLUMES

WASTE MATERIAL TONS/YEAR TONS/DAY CUBIC YARDS/YEAR CUBIC YARDS/DAY

Salt Cake 59,000 160 52,500 144
Baghouse Dust 500 1.5 1,500 4

Other1 500 1.5 500 1.5
Total 60,000 163 54,500 150

1 Other process wastes include cooling tower sludge or refractory brick

As shown in Table 1, the facility is anticipated to receive approximately 54,500 cubic
yards of secondary aluminum waste annually.   The estimated quantity of material to
be generated is based on empirical data and may vary from these estimates due to
prevailing economic conditions for the aluminum recycling industry. Future changes to



Part II Permit Application
Operations Manual Scepter Disposal Facility

10

the technology utilized in the plant process may also impact the estimated annual
quantities of generation.

The East Phase Site will provide storage volume for an estimated 2.85 million cubic
yards of waste (including daily cover soils). The top of waste placement grades are
provided on Drawing P-8 of the Engineering Plans. Based on the anticipated
generation rates presented in Table 1, the facility provides disposal capacity for
approximately  43 years.

2.10 NUMBER OF ACRES TO BE FILLED AND PHASE DEVELOPMENT

Rule 0400-11-01-.04(9)(c)10.Identifies the number of acres to be filled and the total number of
acres to be permitted, including buffer zone acreage (Note: If the site is to be developed in
accordance with a phased development plan, each parcel must be separately addressed. If
minimum closure areas are to be utilized such proposal must be described here and delineated
in the closure plan);

The limits of waste placement are depicted on the Engineering Plans provided in Part
E of the permit application. The total fill area encompassed by the limits of waste
placement is 26.4 acres. The landfill will be developed in four phases. The phased
development of the landfill cells are depicted on Drawings P-10 through P-13. Table 2
provides a summary of the area and estimated volume of waste material that will be
placed during the development of each Phase.

TABLE 2. SUMMARY OF WASTE DISPOSAL CAPACITY

PHASE DEVELOPMENT
WASTE PLACEMENT AREA DISPOSAL CAPACITY ANTICIPATED LIFE

(ACRES) (CUBIC YARDS) (YEARS)
Phase 1 7.49 284,836 4.4
Phase 2 8.66 836,104 12.8
Phase 3 7.23 1,096,353 16.8
Phase 4 3.02 635,304 9.7

Total 26.4 2,852,597 43.7

The top of waste placement grades are provided on Drawing P-8 of the Engineering
Plans. Final cover grades of the landfill are shown on Drawing P-9.

2.11 WASTE HANDLING AND COVERING PROGRAM

Rule 0400-11-01-.04(9)(c)11. Describes the waste handling and covering program, to include
but not necessarily be limited to, descriptions of:

(i) Unloading, spreading, and compacting operations;
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Wastes will be transported and conveyed to the landfill working face using heavy duty
dump trucks for salt cake and hydraulic dump rolloffs for baghouse dust contained in
supersack bags.  Trucks will use access roads contained within the facility. Once
placed, the waste will be spread and compacted utilizing the landfill equipment
maintaining a minimum thickness of three feet of material between the equipment
and the underlying geosynthetics liner.

The placement of solid waste will be confined to the smallest workable area and
will be spread and compacted with appropriate equipment owned or leased by
Scepter.

· Once a final grade is achieved, a final cover shall be placed as depicted in the
engineering plans.

· Final waste slopes will not exceed 3H:1V.

(ii) The frequencies and depths of initial, intermediate, and final cover; and

• Waste will be covered with a daily cover consisting of six (6) inches of native
soil to be uniformly compacted.  The waste will be covered to minimize potential
releases of solid wastes or their constituents, and to control disease vector.  The waste
material is not believed to be conducive to the harborage or propagation of disease
vectors.  An intermediate cover will be placed on the side slopes and vegetated to
reduce infiltration of surface waters as the facility’s height progresses and final grades
are reached.  This periodic placement of an intermediate cover will prevent erosion
and help maintain the integrity of the disposal facility side slopes.  The intermediate
cover will consist of a 12-inch-thick layer of compacted soil (that includes the 6 inch
daily cover).  This compacted soil shall be seeded with appropriate vegetation.

Final cover will be placed in accordance with details shown on Drawing P-17 when the
facility reaches final waste placement grades. Final closure will be completed as
described in the Closure/Post-Closure Plan provided in Part B.

(iii) The cover material(s) to be utilized, including the estimated volumes to be needed
(show initial, intermediate, and final earthwork calculations) and their sources and
availability (Also see Rule 0400-11-01-.04(2)(h)).

The estimated quantities of interim/Intermediate and final cover soil are summarized
in Table 3.

TABLE 3. SUMMARY OF COVER MATERIAL QUANTITIES

COVER MATERIAL THICKNESS (INCHES) QUANTITY (CUBIC YARDS)
Daily Cover 6 475,000

Intermediate Cover 12 44,500
Barrier Cover Soil 6 22,300

Final Cover- Protective Cover Soil 18 66,800
Final Cover - Vegetative Cover Soil 6 22,300
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Excess soil material excavated during landfill construction will be stockpiled in
designated borrow/stockpile areas. Soil balance estimates indicated that sufficient
materials will be available from on-site sources. Where on-site soil is insufficient in
terms of quantity or quality, Scepter may supplement on-site soil with off-site borrow
materials provided the soil meets the requirements contained in the Construction
Quality Assurance (CQA) Plan provided in Part D.

2.12 LANDFILL OPERATIONS EQUIPMENT

Rule 0400-11-01-.04(9)(c)12. Describes the operation equipment to be utilized (including back-
up equipment), and their source and availability;

Rule 0400-11-01-.04(2)(g) Operating Equipment – At Class I disposal facilities, and at Class II,
Class III and Class IV disposal facilities unless the Commissioner deems some other arrangement
as adequate for proper facility operation, there must be maintained on-site operating
equipment capable of spreading and properly compacting the volume of solid wastes received,
and capable of handling the earthwork required. Back-up equipment must be available within
24 hours of primary equipment breakdown.

Operating Equipment

Operating equipment will be maintained and operated by Scepter personnel or
contractors hired and trained by Scepter.  The waste which is not directly
transported to the landfill, will be stored under cover to prevent exposure to
weather related events and then transported to the landfill periodically.

Equipment necessary for operations includes typical earthmoving equipment as listed
below.

· Excavators
· Hauling Trucks
· Bulldozers
· Loaders
· Water Trucks

Scepter uses, or will allocate to this facility, equipment that is adequate in both size
and quantity for transport and placement of the waste materials. Scepter can also rent
or lease back-up equipment within 24 hours of primary equipment breakdown.

2.13 LITTER CONTROL

Rule 0400-11-01-.04(9)(c)13. Describes the structures and procedures to be used in controlling
and collecting litter;
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Rule 0400-11-01-.04(2)(d) A facility must be operated and maintained in a manner to minimize
litter. Fencing, diking and/or other practices shall be provided as necessary to confine solid
wastes subject to dispersal. All litter must be collected for disposal in a timely manner;

The solid waste contains no litter that is subject to dispersal by the wind.  Therefore,
blowing litter should not be a problem.  Measures such as fencing, dikes, etc., will be
implemented to confine the solid waste, if necessary.

2.14 RUN-ON, RUN-OFF, AND EROSION CONTROL

Rule 0400-11-01-.04(9)(c)14. Describes how run-on and run-off collection and holding and
erosion control facilities will be managed, including the disposition of collected waters and
residues and a comparison of before and after flows in the drainage ways leaving the site;

Rule 0400-11-01-.04(2)(i) Run-on, Run-off, and Erosion Control

1. The operator must design, construct, operate, and maintain a run-on control system
capable of preventing flow onto the active portion of the facility for all flow up to and
including peak discharge from a 24-hour, 25-year storm.

The engineering plans show and describe diversion ditches and other drainage ways
intended to prevent flow onto the active portion of the landfill.  This includes all flow
up to and including the peak discharge anticipated from a 24-hour, 25-year storm
event.  This flow will be non-contaminated and directed away from the leachate
collection system.  The flow resulting from drainage from the area outside of the
leachate collection area will be directed around the active portion and into the
sediment pond.

Run-on from adjacent land is diverted away from the landfill by existing natural
drainage features.  The landfill facility rests within the confinement of natural
ridgelines that do not permit run-on to the site.

Design calculations for the surface water management features are presented in
Part F, Appendix F.1 of the permit application.

2. The operator must design, construct, operate, and maintain a run-off management
system to collect and control at least the peak flow resulting from a 24-hour, 25 year
storm.

The diversion ditches will be relocated as necessary as the active portion progresses.
The remaining ditches shall be maintained as necessary.  The sediment pond will be
checked periodically for erosion and sediment accumulation.  Sediment will be removed
as necessary to maintain the required storm water volume.
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Permanent run-off management features are shown on Drawing P-14. Associated
details are provided on Drawings P-15, P-21, P-22 and P-23. The outer slopes of the
facility have been designed with terraces spaced every 95 feet of slope length (30 feet
vertical spacing) that will be constructed progressively as the elevation of the disposal
facility is raised. Rock-lined letdowns will convey surface water run-off by gravity to
perimeter channels at the base of the landfill. Surface water runoff will be collected in
a sediment basin prior to discharge. All permanent run-off measures, including
perimeter channels and culverts, are designed to collect and control the peak flow
resulting from a 25-year/24-hour storm under final design conditions.

Design calculations for the surface water control structures are contained in Part F,
Appendix F.1 of the permit application.

3. Holding facilities (e.g. sediment basins) associated with run-on and run-off control
systems must be designed to detain at least the water volume resulting from a 24-
hour, 25 year storm and to divert through emergency spillways at least the peak flow
resulting from a 24-hour, 100 year storm.

The sediment pond has been designed to detain the volume resulting from a 24-hour,
25-year storm (dry storage volume) plus 67 cubic yards per acre of drainage area for
sediment storage (wet storage volume).  The pond has an emergency spillway
designed to pass the peak flow resulting from a 24-hour, 100-year storm.

Holding facilities associated with storm water management consist of a sedimentation
basin as depicted on Drawing P-15. Details for the sediment basins are provided on
Drawing P-23.

Design calculations for the surface water control structures are contained in Part F,
Appendix F.1 of the permit.

4. Collection and holding facilities associated with run-on and run-off control systems
must be emptied or otherwise managed expeditiously after storms to maintain
design capacity of the system.

Surface water collection facilities will be open drainage ways and thus will empty
themselves after storms to maintain design capacity.  The sediment pond has a
vertical riser pipe with holes drilled into it.  These holes are designed to allow the
sediment pond to drain slowly and thus present a drained pond within 72 hours for the
next storm event.

The sediment basin has been designed with a low-flow device to empty the sediment
basin following rain events, in accordance with design standards provided in the
Tennessee Erosion and Sediment Control Handbook [TDEC, 2002]. However, in the
event that the low flow device becomes clogged or does not have adequate time to
dewater the basins prior to a storm event, the primary spillway of the sediment basin
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has been designed to manage runoff resulting from the 25-year/24-hour storm
without the function of the low-flow device. Similarly, the sediment basins’ primary
and emergency spillways are designed to manage runoff resulting from the 100-
year/24-hour storm event without considering the function of the proposed
dewatering devices. Sediment basins will be cleaned periodically to maintain the
minimum required storage volume.

Design calculations for the surface water control structures are contained in Part F,
Appendix F.1 of the permit.

5. Run-on and run-off must be managed separately from leachate unless otherwise
approved by the Commissioner.

The run-on and run-off diversion systems are separate from the leachate collection,
transportation, and storage facilities.

As shown in the engineering drawings, the leachate and storm water are designed to
be handled separately. Leachate will be collected in perforated collection pipes and
pumped by slope riser pumps via a force main to storage tanks. Storm water will be
collected and managed by a sediment basin as described in this section.

As filling progresses, intermediate cover soil will be placed on all outboard slopes prior
to allowing runoff to enter the storm water management system. Water that comes in
contact with waste will be treated as leachate and collected in the facility’s leachate
collection system.

6. The operator must take other erosion control measure (e.g., temporary mulching or
seeding, silt barriers) as necessary to control erosion of the site.

Hay bale fences and check dams will be used to control erosion.  In addition, the
slopes of cuts and fills have been designed with the objective of reducing erosion.
Completed areas will be seeded and mulched as often as needed to provide a
vegetative cover to help prevent erosion.

Storm run-off will be controlled and managed through a series of temporary and
permanent surface water and erosion control measures including silt fences, seeding
and mulching, and drainage channels.  A Storm Water Pollution Prevention Plan will
be developed to obtain coverage under the NPDES Construction General Permit for
storm water discharge from construction activities.

The following guidelines will be followed in establishing final cover unless required
otherwise by the plans or the Engineer:
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Seeding

Seeds shall meet the requirements of applicable specifications provided below. Each
variety of seed shall be furnished in separate bags. Each bag shall be labeled to show
the variety, weight, purity, germination, and test data prescribed by law. All test
results shall be fully certified by the vendor or by a recognized seed testing agency.
Seed shall contain a weed seed content no higher than 0.25 percent and shall be free
of noxious weeds.

Scepter reserves the right to require that samples be furnished, and to inspect and
test the seeds after delivery. Seeds found not to comply with specification
requirements shall be subject to rejection. Seeds shall not be mixed until each variety
of seed to be used in the mix has been inspected and/or tested separately and
approved.

Permanent seeding shall be performed between March 15 and May 15 or between
August 15 and October 15. At other times, sodding or seeding with temporary seed
shall be made until the appropriate spring or late summer permanent seeding time.
Table 4 provides a summary of recommended seed blends and application rates to be
used for each seeding season.

TABLE 4. RECOMMENDED SEED BLENDS AND APPLICATION RATES

SEASON SEED
APPLICATION RATE

(POUNDS PER ACRE)

Spring
(March 15 – May 15)

Kentucky 31 Fescue 50
White Clover 25

Weeping Lovegrass 15
Summer Bermuda Grass (hulled) 50

(May 15 – August 15)
Fall

(August 15 – October 15)
Kentucky 31 Fescue 60

White Clover 15
Winter

(October 15 – March 15)
Annual Ryegrass 50

White Clover 10

Prior to seeding, soil shall be prepared by establishing approved grades, and removing
deleterious material, such as large roots, stones, or debris which may impede mowing.
Seed shall be hydraulically applied at the application rate specified in Table 4 using
hydroseeding equipment. Seeding shall not be performed on frozen or muddy
grounds, or when prevailing winds exceed five miles per hour.

Fertilization

Fertilizer used shall be a commercial or agricultural grade with a 17% nitrogen,
phosphorous, and potassium content (17-17-17), or approved equal 1:1:1 ratio
fertilizer. Fertilizer shall be free-flowing, uniform in composition, and shall conform to
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State and Federal regulations. Fertilizer shall bear the manufacturer’s statement of
analysis. The rate of application for fertilizer in permanent seeding applications shall
be 1,000 pounds per acre, or as specified in the plans. Fertilizer may be applied with
equipment capable of providing even spreading of the fertilizer over the entire seeded
area.

Mulching

Mulching shall be either fiber mulch or straw mulch. Application of mulch will take
place no more than 24 hours after seeding of the area.

Fiber mulch shall consist of a biodegradable, dyed-wood, cellulose-fiber mulch that is
nontoxic and free of plant-growth or germination inhibitors and has a maximum
moisture content of 15 percent and a pH range of 4.5 to 6.5. Fiber mulch shall be
applied in a slurry mix using hydroseeding equipment. The material shall be applied
over the seeded area in a manner not disruptive to the placement of seed.

Straw mulch shall consist of an air-dried, clean, mildew- and seed-free, salt hay or
threshed straw of wheat, rye, oats, or barley. Straw mulch shall be free of noxious
weeds, weed seeds, sticks, rocks, or other deleterious material. Straw mulch shall be
applied at a rate of 92 pounds per acre with a blower, or other approved equipment
capable of distributing the material evenly over the seeded area without disrupting
the placed seed.

2.15 LEACHATE MIGRATION CONTROL STANDARDS

Rule 0400-11-01-.04(9)(c)15. Describes how leachate collection and holding facilities will be
managed, including the disposition of collected leachate;

Also refer to Rule 0400-11-01-.04(4) Leachate Migration Control Standards

The landfill facility will be constructed with a composite liner system as shown on
Drawing P-16. An alternative liner system has been proposed for the facility consisting
of the following components, in the order of construction:

· A two foot thick compacted clayey soil layer with a maximum permeability of 1 x
10-6 cm/sec;

· A geosynthetic clay liner (GCL);

· A 60-mil thick, textured high density polyethylene (HDPE) flexible membrane liner
(FML);

· A double-sided geocomposite drainage layer supplemented with 6-inch diameter
perforated HDPE leachate collection pipes; and

· Two feet of protective cover to protect the liner system and provide a filter
between the geocomposite drainage layer and the waste material.  The protective
cover will consist of 1 foot of sand, and 1 foot of native soils.  A graded filter
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calculation is provided in Appendix F.2.  The calculation provides minimum grain
size distribution requirements for the sand component of the protective cover
material which will be in contact with the geosynthetics below and the native soil
protective cover above.

These materials will have the appropriate chemical properties and sufficient strength
and thickness to prevent failure due to pressure gradients, physical contact with the
waste or leachate to which they may be exposed, climatic conditions, the stress of
installation, and the stress of daily operations.  The liner system is to be placed
upon a foundation of native soil which is capable of providing support to the liner
system and resisting any pressure gradients from above and below the liner to
prevent failure of the liner system due to settlement, compression, or uplift.

The leachate collection system design is depicted on Drawing P-6. Details of the
leachate collection system are provided on Drawings P-18, P-19 and P-20. The leachate
collection system is designed to facilitate the free drainage of leachate from the base
of the landfill to a low point, or sump. A system of perforated leachate collection pipes
is designed at a minimum 1% slope to maintain a positive grade to the leachate
collection sump of each cell. Cleanout risers will be provided for each leachate
collection pipe lateral to facilitate the cleaning and maintenance of the leachate
collection system. The geocomposite drainage layer and leachate pipe spacing is
designed to collect expected leachate generation rates while maintaining flow within
the geocomposite drainage layer and therefore maintaining less than 1 foot of head
on the liner system.

Leachate will be removed from the leachate collection sumps by a system of leachate
collection extraction pumps contained within side slope riser pipes. The leachate
extraction pumps will operate in a lead-lag configuration. Leachate will be extracted
from the cell’s leachate collection system and pumped through a leachate transfer
force main. Valves and access manholes are provided to allow maintenance and
repairs to pump and piping systems.

Leachate collected at the facility will be transferred by a dual containment force main
to storage tanks and disposed via an NPDES permit in accordance with all applicable
state and federal regulations. Leachate generation is expected to be produced on the
order of 60,000 gallons based on a 30 day average rate as predicted by the USEPA
HELP Model.  Regarding the regulatory 30 day storage capacity requirement, Scepter is
providing sufficient storage capacity to meet the requirement as follows:  A) A new
tank system is proposed to provide a storage capacity of 30,000 gallons  B) The
existing ‘west phase’ landfill leachate capacity is provided by two tank systems
totaling 40,000 gallons of storage.  The west phase is nearing the end of its
operational life, so these tanks will be available for storage in the future.  These tanks
will be connected to the East Phase collection system if necessary.  C) Scepter has a
site specific NPDES permit that allows up to 5,000 gallons per day of leachate disposal
in addition to its aluminum casting production wastewater.  Such leachate is currently
transported in a 2,500 gallon tanker truck.
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In the event where an NPDES permit becomes ineffective, Scepter will contact a third
party for management of the material off-site.

Calculations supporting the design of the leachate collection system are provided in
Part F, Appendix F.2 of the permit application.

2.16 DUST CONTROL

Rule 0400-11-01-.04(9)(c)16. Describes the dust control measures to be taken and when they
would be implemented;

Rule 0400-11-01-.04(2)(j) The operator must take dust control measures as necessary to
prevent dust from creating a nuisance or safety hazard to adjacent landowners or to persons
engaged in supervising, operating, and using the site. The use of any dust suppressants (other
than water) must be approved in writing beforehand by the Department.

It is not anticipated that dust will become a problem as the site is remote and there
are no close neighbors.  However, dust control measures to prevent creation of a
nuisance or safety hazard to adjacent landowners or to persons engaged in
supervising, operating, and using the site will be initiated as necessary by applying
water via a water truck to active access roads.

2.17 FIRE SAFETY

Rule 0400-11-01-.04(9)(c)17. Describes the fire safety precautions and procedures to be taken,
the types and availability of on-site fire suppression equipment, and/or the arrangements made
with the local fire protection agency;

Rule 0400-11-01-.04(2)(c) Fire Safety

1. Except as may be specifically authorized by the Department:

(i) The operator must not permit or engage in open burning of solid wastes at the
facility. Any open burning that does occur must be immediately extinguished.

(ii) The operator must not allow solid wastes which are burning or smoldering to be
deposited into the active portion of the facility. Any such wastes that are received
must be deposited at a location safely removed from the active portion and
extinguished before being deposited into the active portion.

No open burning of solid wastes will be allowed at this facility.  The nature and
characteristics of the solid wastes to be disposed at this site will not support combustion.
Since the solid waste is cake from the furnace(s), it is possible that the solid waste may be
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at an elevated temperature when removed from the furnace.  The solid waste will be
allowed to cool to safe temperatures before being placed in the landfill facility.

2. The facility must have, on-site and continuously available, properly maintained fire
suppression equipment in sufficient quantities to control accidental surface fires that
may occur, or arrangements must be made with the local fire protection agency to
provide immediate fire fighting services when needed. Additional earth moving
equipment shall be brought to the facility as necessary to help suppress an
underground fire.

The solid waste material is composed of inert non-flammable materials; therefore a fire
involving waste materials is very unlikely. In addition, the Humphreys County Fire
Department is notified of the waste characteristics/hazards through the planning program
of the Emergency Planning & Community Right to Know Act.

2.18 PERSONNEL SERVICES / COMMUNICATIONS

Rule 0400-11-01-.04(9)(c)18. Describes the facilities and services available to facility personnel,
including shelter, drinking water, handwashing and toilet facilities, and communications
equipment;

Also see Rules 0400-11-01-.04(2)(e) Personnel Services and 0400-11-01-.04(2)(f)
Communications.

A communications system is not necessary because it is anticipated that the solid
waste will be stockpiled under roof and then transported to the landfill periodically.
The landfill will be staffed only during transport, disposal, and covering activities.  If it
becomes apparent that a communications system is required for the safe and
effective operation of the landfill, one will be installed.

Shelter, potable water, handwashing, telephones, and restrooms are all available at
the main plant buildings just north of the landfill facility.

2.19 CONSTRUCTION QUALITY ASSURANCE PLAN

Rule 0400-11-01-.04(9)(c)19. Describes in a construction quality assurance plan:

(iii)How each new “as built” solid waste landfill unit(s) liner(s) and/or lateral expansion
liner(s) and cover system(s) will be inspected and/or tested by a registered engineer
as required at rule 0400-11-01-.04(1)(c) during construction or installation for
uniformity, damage, and imperfections, and

(iv)How each constructed Section of the liner system or final cover system will be
certified by a registered engineer.
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A Construction Quality Assurance (CQA) Plan has been developed for supporting
construction activities for the site. The CQA plan is contained in Part D of the permit.

2.20 GAS MIGRATION CONTROL STANDARDS

Rule 0400-11-01-.04(9)(c)20. Describes how the migration of explosive gases will be controlled
and monitored;

The Engineering plans show a gas migration control system that will be designed,
constructed, operated, and maintained so any gases generated by decomposition or other
reactions of the solid waste will be collected and vented to the atmosphere. The gas
collection system will not allow a build-up of gas pressure that would compromise the
final cover.

The concentration of explosive gases at the property boundaries should not exceed the
lower explosive limit for gases due to the inert nature of the waste being placed in the
landfill.

2.21 GROUNDWATER MONITORING PROGRAM

Rule 0400-11-01-.04(9)(c)21. Describes the planned ground water monitoring program, to
include but not necessarily be limited to, descriptions of:

(i) The number and location of wells or other monitoring points;

(ii) Monitoring well construction;

(iii)The parameters to be monitored for and the frequency they will be checked;

(iv)Sampling and analytical procedures and methods to be used; and

(v) How the sampling and analytical results will be recorded and reported to the State.

A Groundwater Monitoring Program as required by Rule 0400-11-01-.04(7) has been
developed for supporting groundwater monitoring for the site. It outlines the
following:

· The number and location of wells or other monitoring points;

· Monitoring well construction;

· The parameters to be monitored for and the frequency they will be checked;

· Sampling and analytical procedures and methods to be used; and

· How the sampling and analytical results will be recorded and reported to the
State.
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The Groundwater Monitoring Program Plan is contained in Part C of the
permit.

2.22 LOCATION IN FLOODPLAINS

Rule 0400-11-01-.04(9)(c)22. Includes an engineering statement of the site flood frequency
exposure and describes flood protection measures to be taken;

Figure 3 shows the limits of the 100 year flood based on the Federal Emergency
Management Agency Flood Insurance Rate Maps in comparison to the project site.
The landfill site is located outside the flood plain; therefore, no additional flood
protection measures are necessary and are not part of the design of the facility.

Rule 0400-11-01-.04(2)(n) Facilities must not be located in a 100-year flood-plain unless it is
demonstrated to the satisfaction of the Commissioner that:

1) Location in the floodplain will not restrict the flow of the 100-year flood nor reduce
the temporary water storage capacity of the floodplain.

2) The facility is designed, constructed, operated, and maintained to prevent washout
of any solid waste.

The site varies in elevation from 400 feet to 620 feet, mean sea level.  The
Engineering Plans set a maximum cut elevation of 460 feet.  The elevation for the
100-year floodplain obtained from the Federal Emergency Management Agency Flood
Insurance Rate Maps is 375 feet.  The deepest excavation cut will be approximately 85
feet above the 100-year floodplain elevation, therefore based on the landfill’s location, no
additional flood protection measures are necessary and are not part of the design of the
facility.

2.23 ENDANGERED AND THREATENED SPECIES

Rule 0400-11-01-.04(9)(c)23. Describes the impacts the facility will have on endangered or
threatened species or plants, fish, or wildlife or their habitat;

AECOM has reviewed the FWS (IPaC) and Tennessee Natural Heritage websites.  Federally
threatened or endangered (T&E) species listed in Humphreys County, Tennessee in
proximity of the project site were reviewed.  A total of seven T&E species were listed.
These included four mussel species and three bat species.  All mussel species are endemic
to the Tennessee River and will not be impacted by the project activities.  No caves are
present on the project site.  Areas of marketable timber have been harvested and
removed from portions of the project area. All other marketable timber, as well as dead
and dying timber will be harvested and removed from the project area during winter
months by silviculture practices. Trees with the potential to provide summer roost or
hibernacula for bat species will not be present as stages of the landfill development
progresses.
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Rule 0400-11-01-.04(2)(m) Facilities shall be located,  designed, constructed, operated,
maintained, closed, and cared for during the post-closure care period in a manner that does not:

Cause or contribute to the taking of any endangered or threatened species of plants, fish, or
wildlife; or

Result in the destruction or adverse modification of the critical habitat of endangered or
threated species.

See discussion above.

2.24 RANDOM INSPECTION PROGRAM

Rule 0400-11-01-.04(9)(c)24. Describes the random inspection program required under Rule
0400-11-01-.04(2)(s).

Since this facility is a dedicated landfill and will receive only secondary aluminum
processing waste from the rotary furnaces, no random inspection program is necessary.
The facility personnel will be trained to recognize the "normal" solid waste and will be
directed not to receive wastes other than secondary aluminum processing waste.
If an unusual or suspect waste is observed at the facility, the personnel will be
directed to contact the Scepter General Manager.  He, in turn, will contact the field
office of the Tennessee Division of Solid Waste Management.

2.25 WASTE RESTRICTIONS

Rule 0400-11-01-.04(2)(k)1. A facility may receive for disposal only those solid wastes it is
allowed to manage under the terms of its permit.

The facility is a captive facility owned and operated by Scepter solely to dispose of
secondary aluminum processing waste materials.  No other wastes will be disposed of
at the facility.

2.26 REQUESTED VARIANCES FROM REGULATIONS

Rule 0400-11-01-.01(5). Variances and Waivers - After public notice and an opportunity for
public comment, any standard, or requirement in these rules may be waived by the
Commissioner if the operator can demonstrate, to the satisfaction of the Commissioner, that the
standard is inapplicable, inappropriate, or unnecessary to his facility, or that it is equaled in
effect by alternative standards or requirements. Any requests for such requests must include the
following:

(a) An identification of the specific requirement(s) for which a waiver is requested;
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(b) An explanation of the reason(s) why the requirement(s) should be considered
inapplicable, inappropriate, or unnecessary, and/or a description of the alternative
procedures or mechanisms to be utilized and why they should be considered equal in
effect to the standard(s) proposed to be waived; and

(c) Any other such information as the Commissioner deems necessary for his evaluation
of the request.

(d) Any Class I variances or waivers granted will not be less stringent than the standards
of 40 CFR 257 and 258 (Solid Waste Disposal Facility Criteria Final Rule, October 9,
1991).

Scepter requests TDEC issue a waiver for the following requirements.

Alternate Liner System

Rule 0400-11-01-.04(4)(a)(1). Such facilities must have a liner designed to function for the
estimated life of the site and the post-closure care period. It shall be designed, constructed, and
installed to ensure that the concentration values listed in Appendix III of this rule will not be
exceeded in the uppermost aquifer at the relevant point of compliance. The liner must be:

(i) A composite liner consisting of two components; the upper component must consist of
a minimum 30-mil flexible membrane liner (FML), and the lower component must
consist of at least a two-foot layer of compacted soil with a hydraulic conductivity of
no more than 1.0 x 10-7 cm/sec. FML components consisting of high density
polyethylene (HDPE) shall be at least 60-mil thick. The FML component must be
installed in direct and uniform contact with the compacted soil component;

Scepter has proposed an alternate liner system as described in Section 2.15 of this
Operations Manual and illustrated in Drawing P-17 for use in this facility. This is the
same liner system approved for construction for the Phase 4 expansion of the Western
Phase of the landfill.  Engineering calculations demonstrating the equivalent or
superior performance of the proposed alternate liner system are provided in Part F,
Appendix F.2, as required by Rule 0400-11-01-.04(a)(4). Scepter requests TDEC issue a
waiver for use of this alternate liner system.

Alternate Final Cover System

Rule 0400-11-01-.04(8)(c)3. Unless otherwise noted in the permit a depth of compacted final
cover material (e.g., soil) shall be placed on the disposal facility or disposal facility parcel in the
shortest practicable time, not to exceed 90 days, after achieving final grade of any fill area or
any portion of a fill area. At least the top twelve inches of this cover material shall be soil which
will support the growth of suitable vegetation (e.g., topsoil).

(i) At Class I and Class II facilities the depth of final cover system shall be at least 36
inches of soil of which a minimum of 12 inches shall be for the support of vegetative
cover.

The design of the final cover system shall be such that the infiltration volume of water
will be equal to or less than the percolation volume through the bottom liner system or
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a design which includes a compacted soil layer of at least 24 inches which has a
permeability no greater than 1 × 10-7 cm/sec, whichever is less. This design shall be
supported by the use of the HELP model or other equivalent method approved by the
Commissioner.

An alternate final cover system may be used provided that it is demonstrated to the
satisfaction of the Commissioner that the final cover system provides equivalent or
superior performance to the minimum performance standard in this subpart.

Scepter has proposed an alternate final cover system as described in Section 2.2 of the
Closure and Post-Closure Plan in Part B and illustrated in Drawing P-17.  This is the
same final cover system approved for construction for the Western Phase of the
landfill.  The proposed alternate final cover system will result in less moisture leakage
into the landfill than the TDEC prescribed system.  Engineering calculations
demonstrating equivalent or superior performance of the proposed alternate final
cover system are provided in Part F, Appendix F.3 as required by Rules 0400-11-01-
.04(8)(c)3(i) and 0400-11-01-.04(8)(c)3(iii). Scepter requests TDEC issue a waiver for
use of this alternate final cover system.
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1.0 INTRODUCTION

This Closure and Post-Closure Plan (C/PC Plan) has been developed in support of the Part II
Permit application for a Class II disposal facility to be located at Scepter, Inc. property in
Humphrey’s County, Tennessee. The disposal facility is to be located to the east of the existing
landfill on land owned by Scepter. A new on-site solid waste disposal facility is required for the
Scepter landfill to continue disposing of aluminum waste byproducts generated by the company.
The proposed disposal facility is identified as the East Phase site, and is located immediately
east of the existing landfill.

This Closure and Post-Closure Plan has been prepared in accordance with the Tennessee
Department of Environment and Conservation’s (TDEC’s) Division of Solid Waste Management
(TDSWM), Rule 0400-11-01-.03(2) and Rule 0400-11-01-.04(8).

The purpose of this document is to: (i) describe necessary activities associated with the closure
of the disposal facility; and (ii) describe the monitoring and maintenance activities for the facility
during the post-closure period. Information presented in this document is organized to be
consistent with the permit application requirements of Rule 0400-11-01-.04(9). Sections within
this application have been titled and enumerated corresponding to the regulations to aid in the
review process.

1.1 SITE LOCATION AND DESCRIPTION

The Scepter, Inc. Industrial landfill is located in Humphreys County, Tennessee and lies between
the cities of Waverly and New Johnsonville.  The landfill can be accessed from Scepter Road
north of Highway 70 traveling west from Waverly, Tennessee.  The Scepter property occupies
approximately 350 acres of land along the Tennessee River (Kentucky Lake).  The East Phase
landfill site encompasses approximately 31 acres within the proposed waste buffer boundary
and varies in elevation from 420 to 620 feet msl.

1.2 EXPECTED YEAR OF CLOSURE

The facility is anticipated to receive 55,000 cubic yards of waste annually. Drawing  P-9 depicts
the final grades for the facility. Based on this design, there are approximately 3,000,000 cubic
yards of disposal capacity available. The disposal facility is expected to provide 44 years of
disposal capacity beginning in 2017.  Therefore, completion of disposal operations and
subsequent closure of the facility is expected in the year 2061. Table 1 provides a summary of
the waste disposal capacity and anticipated life of each phase.
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Table 1. Summary of Waste Disposal Capacity

PHASE DEVELOPMENT

WASTE PLACEMENT AREA DISPOSAL CAPACITY ANTICIPATED LIFE

(ACRES) (CUBIC YARDS) (YEARS)
Phase 1 7.49 284,836 4.4
Phase 2 8.66 836,104 12.8
Phase 3 7.23 1,096,353 16.8
Phase 4 3.02 635,304 9.7

Total 26.4 2,852,597 43.7

The final cover system may be constructed in phases as large areas of each cell are brought to
final grade. Initially, the lower elevations of outer side slopes will receive a final cover, to be
followed later by upper side slopes and finally the crest of the landfill. In this manner, the
maximum area requiring final closure can be reduced.

1.3 FACILITY CONTACT INFORMATION

The following is a list of responsible parties involved in the permitting, design, operation,
maintenance, quality control and quality assurance of the Scepter disposal facility.

Owner:  Scepter, Inc.
Contact:  Plant Manager

1485 Scepter Lane, Waverly, TN
Phone:  931-535-3565

As of the date of this manual, the plant manager is Mr. Chris Nicholas.

Solid waste correspondence should be directed to the responsible Landfill Coordinator.
Presently the Landfill Coordinator is:

Contact:  Brian Griffin, General Manager
1485 Scepter Lane, Waverly, TN
Phone:  931-535-3565

State contact information is as follows:

Contact:  Tennessee Department of Conservation
 Division of Solid Waste Management
 Central Office
 401 Church Street

5th Floor, L&C Tower
Nashville, TN 37243-1533
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Phone:  615-532-0780
Fax: 615-532-0886

Contact as of the date of this manual is Mr. Patrick J. Flood, Director.

1.4 DOCUMENT FORMAT

Information presented in this document has been organized and presented consistent with the
permit application requirements presented in Rule 0400-11-01-.03(2) and Rule 0400-11-01-
.04(8). Sections within this document have been titled and enumerated consistent with the
regulations to facilitate the review process. The following italicized text is copied verbatim from
the aforementioned regulations. For clarity of discussion, each response is provided in bold text.

2.0 CLOSURE PLAN

2.1 CLOSURE REQUIREMENTS

Rule 0400-11-01-.04(8)(a)1. General Performance Standard - The operator must close the disposal
facility or disposal facility parcel in a manner that:

(i) Minimizes the need for further maintenance; and

(ii) Controls, minimizes, or eliminates, to the extent necessary to prevent threats to public
health and the environment, post-closure escape of solid waste, solid waste
constituents, leachate, contaminated rainfall, or waste decomposition products to the
ground or surface waters or to the atmosphere.

Sections 2.2 through 2.8 of this C/PC Plan outline the measures necessary to close the disposal
facility in a manner that will minimize the need for further maintenance of the facility. It further
specifies design requirements and procedures to control, minimize, or eliminate threats to public
health and the environment. These measures include:

· Maintaining the leachate collection system

· Construction of a final cover system

· Surface grading to promote proper surface water management

· Implementing erosion and sediment control measures

· Maintaining the groundwater monitoring network

Rule 0400-11-01-.04(8)(a)2. The operator must care for a disposal facility or disposal facility parcel
for the period of time after closure, specified in subparagraph (d) of this Rule, in a manner that
assures that the performance objectives of part 1 of this subparagraph are continuously met.

Section 3.0 of this C/PC Plan outlines the measures necessary to care for the disposal facility
during the post closure care period in a manner that meets the performance objectives of Rule
0400-11-01-.04(8)(a)1. These measures include:
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· Inspection and maintenance of the leachate collection system

· Maintenance of the final cover system vegetative cover

· Maintenance of the erosion and sediment control measures

· Maintaining the groundwater monitoring network

Rule 0400-11-01-.04(8)(b). Adherence to Plan - The operator must initiate and complete closure
activities and conduct post-closure care activities in accordance with the approved closure/post-
closure care plan, if such plan has been prepared and approved for the disposal facility or disposal
facility parcel being closed.

Scepter will initiate and complete closure activities and conduct post-closure activities in
accordance with the approved Closure/Post Closure Plan at the time of closure of the
facility.

Rule 0400-11-01-.04(8)(c)1. Closure Requirements - The following requirements apply to active
portions of the facility: The operator must notify the Division Director of his intent to close at least
60 days prior to the date he expects to begin final closure of the disposal facility or disposal facility
parcel.

Scepter will notify the Director of the Tennessee Division of Solid Waste Management of
its intent at least 60 days prior to initiating closure activities.

Rule 0400-11-01-.04(8)(c)2. The operator must complete closure activities including grading and
establishing vegetative cover in the shortest practicable time, not to exceed 180 days, after any fill
areas or any portion of the fill areas have achieved final grade, unless the Commissioner allows
otherwise in the permit. Permits may provide, or be modified to provide, minimum areas for closure
which will be shown in closure plans. Such modifications of closure plans, for the sole purpose of
identifying minimum closure areas, shall be deemed minor modifications. When these complete
closure areas reach final grade, these areas shall be closed as otherwise provided in this part and
within the 180 day time frame provided herein.

Closure activities (including final cover placement, grading, drainage, and establishment
of vegetative cover) of the facility will be completed within 180 days following the
beginning of closure as previously mentioned, except where an extension is requested
and approved by the Tennessee Division of Solid Waste Management.

2.2 FINAL COVER SYSTEM

Rule 0400-11-01-.04(8)(c)3. Unless otherwise noted in the permit a depth of compacted final cover
material (e.g., soil) shall be placed on the disposal facility or disposal facility parcel in the shortest
practicable time, not to exceed 90 days, after achieving final grade of any fill area or any portion of
a fill area. At least the top twelve inches of this cover material shall be soil which will support the
growth of suitable vegetation (e.g., topsoil).
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(i) At Class I and Class II facilities the depth of final cover system shall be at least 36 inches
of soil of which a minimum of 12 inches shall be for the support of vegetative cover.

The design of the final cover system shall be such that the infiltration volume of water
will be equal to or less than the percolation volume through the bottom liner system or a
design which includes a compacted soil layer of at least 24 inches which has a
permeability no greater than 1 × 10-7 cm/sec, whichever is less. This design shall be
supported by the use of the HELP model or other equivalent method approved by the
Commissioner.

An alternate final cover system may be used provided that it is demonstrated to the
satisfaction of the Commissioner that the final cover system provides equivalent or
superior performance to the minimum performance standard in this subpart.

(ii) At Class III and Class IV facilities, unless the Commissioner determines that a greater
depth is needed to achieve the general performance standard of subparagraph (a) of
this paragraph, the depth of final cover shall be at least 30 inches of compacted soil. The
final cover consists of an 18 inch low permeability layer overlain by a 12 inch protective
layer.

(iii) At Class I, II, III, and IV facilities, with approval of the Commissioner any other low
permeability layer construction techniques or materials may be used to provide the final
cover, provided that it provides equivalent or superior performance to the requirements
of this part.

Final cover will be placed over the disposal facility in the shortest time practical, after
achieving final grade of any fill area or portion of a fill area.

An alternative final cover system is proposed for this facility. Details of the final cover
system are illustrated on Drawing P-17. The proposed final cover system consists of (from
top to bottom):

· A 24-inch thick vegetative cover soil/protective cover soil capable of sustaining
native vegetation;

· A double-sided geocomposite drainage layer;

· A 40-mil linear low density polyethylene (LLDPE) flexible membrane liner barrier
layer which has permeability much less than the required minimum 1 × 10-7

cm/sec.

· A geocomposite gas relief layer;

· A 6” barrier soil layer

· Intermediate soil cover.

The alternative final cover system will be installed upon a subgrade layer consisting of
compacted waste material.
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A final cover demonstration calculation is provided in Part F, Appendix F.3 of the permit
application. The calculation demonstrates, through the use of the Hydraulic Evaluation of
Landfill Performance (HELP) model, that the alternative final cover system provides
equivalent or superior performance when compared to the final cover system prescribed
by Rule 0400-11-01-.04(8)(c)3.

The final cover grading plan is presented on Drawing P-9. Drawings P-10, P-11, P-12 and P-
13 provide details on the final grades expected as Phases  1, 2, 3, and 4 are developed.
The final cover system may be constructed in stages as large areas are brought to final
grade. Initially, outer side slopes may receive a final cover, to be followed later by the
crest of the landfill.

The sequence of final cover construction will begin by constructing the 6 inch thick barrier
cover soil.  Much of the soil thickness may already be in place resulting from prior
deployment of daily or intermediate cover soil.  Thickness will be verified and compaction
performed in a controlled manner.  The geocomposite gas relief layer, a 40-mil thick
textured Linear Low Density (LLDPE) geomembrane barrier layer and double-sided
geocomposite drainage layer will be installed above the compacted barrier soil. The 24
inch thick protective cover soil that includes a top layer of vegetative soil will be installed
above the geocomposite drainage layer and moderately compacted to aid in root
development and prevent damage to the underlying geosynthetics. Finally, the surface of
the cover will be seeded and vegetated.

Construction requirements of each final cover system component are provided in the
Construction Quality Assurance (CQA) Plan located in Part D of the permit application.

As shown on Drawing P-14, the disposal facility will be graded to prevent the ponding of
water. The grade of the final cover surface of the facility will not be less than 3 percent
and no greater than 33.3 percent.

2.3 DRAINAGE SYSTEM

Rule 0400-11-01-.04(8)(c)4. The final surface of the disposal facility or disposal facility parcel shall
be graded and/or provided with drainage facilities in a manner that:

(i) Minimizes precipitation run-on from adjacent areas onto the disposal facility or disposal
facility parcel;

(ii) Minimizes erosion of cover material (e.g., no steep slopes);

(iii) Optimizes drainage of precipitation falling on the disposal facility or disposal facility
parcel (e.g., prevent pooling); and

(iv) Provides a surface drainage system which is consistent with the surrounding area and in
no way significantly adversely affects proper drainage from these adjacent lands.
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The maximum design slope at the facility is a 3H:1V. The Storm Water Management Plan
is shown on Drawing P-14. Erosion of soil material on the final cover system will be
minimized through slope stabilization techniques, primarily consisting of proper
vegetation. The maximum slope length of the steepest slope (between drainage benches)
will be 95 feet.

The final cover grading plan which shows the surface water management system
elements is presented on Drawing P-14. As shown on this drawing, the final cover will be
graded to a minimum slope of 3 percent draining to surface water terraces with a
minimum drainage slope of 1 percent. The cover system slopes promote precipitation
run-off by maintaining positive grading to minimize the ponding of water.

Surface water terraces will intercept surface water runoff from the cover slopes and
convey the runoff to letdown channels, which will convey the runoff to perimeter
drainage ditches located at the toe of the cover system. Each perimeter drainage ditch is
sloped to convey runoff to the sediment basin. Based on the natural topographic setting
of the landfill,  there is no surface water run-on from adjacent areas, thus exterior storm
water diversion berms and channels are not necessary.

All drainage structures have been designed to accommodate at least a 25-year, 24-hour
storm event with sufficient freeboard. The surface water management system has been
designed to be consistent with the surrounding area and does not significantly affect
proper drainage from or to adjacent lands.

2.4 VEGETATIVE COVER

Rule 0400-11-01-.04 (8)(c)5. In order to minimize soil erosion, as soon as practicable after final
grading, the operator shall take steps as necessary to establish a protective vegetative cover of
acceptable grasses over disturbed areas of the site. These steps shall include seeding, mulching, and
any necessary fertilization at a minimum, and may include additional activities such as sodding of
steeper slopes and drainage ways if such are necessary.

As soon as practicable after final grading, Scepter will take necessary steps to establish a
protective vegetative cover of acceptable grasses over disturbed areas of the site. These
steps shall include seeding, mulching, and any necessary fertilization at a minimum, and
may include additional activities such as sodding or the use of reinforcement matting on
steeper slopes and drainage ways if necessary. Application rates for seeding and
fertilizing of indigenous grass/vegetation are provided in the Operations Manual included
in Part A of this permit. Temporary erosion control blankets may be used if necessary to
provide seedbed protection and prevent wash-out of seed and fertilizer during vegetation
establishment.
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2.5 OTHER EROSION AND SEDIMENT CONTROL MEASURES

Rule 0400-11-01-.04 (8)(c)6. In addition to the drainage and grading requirements and vegetative
cover requirements, the operator shall take other measures as may be necessary to minimize and
control erosion and sedimentation (e.g., soil stabilization, sediment ponds) at the site.

In addition to the drainage, grading, and vegetative cover requirements, other measures
such as soil stabilization through riprap protection, and sediment pond collection of
surface water  will be implemented to minimize and control erosion and sedimentation at
the site. Letdown inlet areas, culvert outlet areas, and portions of the perimeter ditch will
be lined with riprap. Additional erosion control problems will be addressed with
appropriate structural and nonstructural sediment and erosion control practices as
prescribed within the plans or the most recent edition of the Tennessee Erosion and
Sediment Control Handbook.

2.6 LEACHATE COLLECTION SYSTEM

Rule 0400-11-01-.04 (8)(c)7. As required in this permit, or as otherwise necessary to prevent threats
to human health and the environment, the operator shall establish and/or complete a system for
collecting, removing, and treating leachate generated by the disposal facility or disposal facility
parcel.

Leachate at the facility will be collected using a leachate collection and removal system
depicted on Drawing P-6. Leachate collected from Phases 1, 2, 3, and 4 will be pumped
through a force main to a storage tank system, where the leachate will be managed in
accordance with Scepter’s NPDES Permit #TN0002526.

2.7 GAS COLLECTION SYSTEM

Rule 0400-11-01-.04 (8)(c)8. As required in his permit, or as otherwise necessary to prevent threats
to human health and the environment, the operator shall establish and/or complete a system for
collecting and venting or otherwise controlling the vertical and horizontal escape of gases
generated in the disposal facility or disposal facility parcel.

The Engineering plans show a gas migration control system that will be designed, constructed,
operated, and maintained so any gases generated by decomposition or other reactions of the
solid waste will be collected and vented to the atmosphere. The gas collection system will not
allow a build-up of gas pressure that would compromise the final cover.

2.8 BORROW AREA

Borrow areas used for construction of the facility and final cover system will be reclaimed
by re-grading, stabilizing, and establishing permanent vegetation, within 180 days of
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ceasing borrow activities. Borrow and stockpile areas will be graded to allow positive
drainage off-site to a maximum 3H:1V slope.

Additional erosion controls will be addressed with appropriate structural and non-
structural sediment and erosion control practices as prescribed in the most recent edition
of the Tennessee Erosion and Sediment Control Handbook.

2.9 CLOSURE CERTIFICATION AND NOTIFICATION

Rule 0400-11-01-.04 (8)(c)9. The operator must notify the Division Director in writing within 60 days
of his completion of closure of the disposal facility or disposal facility parcel. Such notification must
include a certification by the operator that the disposal facility or disposal facility parcel has been
closed in accordance with the approved closure/post-closure care plan. Within 21 days of the
receipt of such notice the Division Director shall inspect the facility to verify that closure has been
completed and in accordance with the approved plan. Within 10 days of such verification, the
Commissioner shall approve the closure in writing to the operator. Closure shall not be considered
final and complete until such approval has been made.

Scepter will notify the Division Director in writing within 60 days of completion of closure
of the disposal facility. The notification will include a certification by Scepter that the
disposal facility has been closed in accordance with this C/PC Plan.

3.0 POST-CLOSURE PLAN

3.1 POST-CLOSURE CARE PERIOD

Rule 0400-11-01-.04(8)(d) Post-Closure Care Period - For Class I and Class II disposal facilities, post-
closure care must continue for 30 years after the date of final completion of closure of the disposal
facility or disposal facility or parcel unless a shorter period is established in the approved
closure/post-closure care plan. For Class III and IV disposal facilities, post-closure care must continue
for 2 years after the date of final completion of closure of the facility or facility parcel. The post-
closure care period may be reduced or extended based on cause by amendment of the approved
closure/post-closure care plan as provided in rule 0400-11-01-.03(2)(c).

Scepter will provide post-closure care for 30 years after the date of final completion of
closure of the disposal facility unless this C/PC Plan is amended to provide for a shorter
period.

3.2 POST-CLOSURE CARE ACTIVITIES

3.2.1 FINAL CONTOURS AND DRAINAGE SYSTEM

Rule 0400-11-01-.04(8)(e)1. Post-Closure Care Activities - During the post-closure care period, the
operator must, at a minimum, perform the following activities on closed portions of his facility:
Maintain the approved final contours and drainage system of the site such that the objectives of
part (c) 4 of this paragraph are continuously met;
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The approved final cover and drainage system will be maintained at the site. The
effectiveness of the final cover will be maintained by making repairs to the cover as
necessary to correct the effects of subsidence and erosion, as well as preventing run-on
and run-off from eroding/damaging the final cover system. If settlement or other
structural problems occur in the final cover system, the cover will be re-graded. The
problem area will be stripped of the vegetation layer and fill dirt will be applied to the
area. The disturbed area will be covered with soil and reseeded as specified in the design.
If excessive surface cracks appear on the soil cover, the cracks will be properly graded
with suitable soil and appropriate vegetative cover will be re-established to prevent the
infiltration of surface water.

Accumulated sediment will be removed from sediment basins when the sediment level
impedes on the wet weather storage volume.  The sediment basins will be drained and
excavated using a front-end loader, dozer, or other equipment for cleaning. The outlet
and inlet structures of the sediment basins will be maintained by the operator throughout
the life of the disposal facility and during the post-closure period.

3.2.2 VEGETATIVE COVER

Rule 0400-11-01-.04(8)(e)2. Ensure that a healthy vegetative cover is established and maintained
over the site.

The vegetative cover will be inspected regularly to maintain a healthy stand of
vegetation. Areas containing distressed vegetation will be reseeded. The vegetative cover
over the site will be maintained by mowing on a regular schedule. Initially the grass will
be cut quarterly; however, once the grass is established, it will be cut twice a year or more
frequently as needed. The mowing schedule is intended to limit the growth of weeds or
rooting of brush species that could undermine the final cover. If an area has less than 75
percent coverage by grass, the area will be reworked and reseeded. Fertilizer may be
applied to promote the re-establishment of a self-sustaining vegetative cover. Significant
depressions or gullies that develop will be promptly repaired by filling with soil and
seeding. The details of the vegetative cover are provided in the CQA plan.

Rule 0400-11-01-.04(8)(e)3. Maintain the drainage facilities, sediment ponds, and other
erosion/sedimentation control measures (if such are present at the landfill), at least until the
vegetative cover is established sufficiently enough to render such maintenance unnecessary.

Until vegetation of the final cover is fully established, sediment transport will be retarded
by temporary silt fences. Sediment transported from the cover before vegetation is fully
established will be conveyed to one of the sediment basins. Should excessive cleaning and
maintenance of the sediment basin be needed due to erosion of soil from the cover,
temporary sediment control measures will be installed to reduce the sediment load until
the vegetative cover is fully established. Storm water channels will be lined with grass or
riprap to prevent erosion. The channels will be inspected regularly and after major storm
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events for structural and erosion problems. If damage to a channel is discovered, it will be
repaired as appropriate.

3.2.3 LEACHATE COLLECTION SYSTEM

Rule 0400-11-01-.04(8)(e)4. Maintain and monitor the leachate collection, removal, and treatment
system (if such is present at the facility);

Maintenance and monitoring of the leachate collection system will include inspecting the
leachate collection pump systems and side slope risers, removing sediment and debris (if
needed), verifying operation of pumps, and ensuring that outlets are clear and
unobstructed.

Leachate collection will continue during the post-closure period.

3.2.4 GAS COLLECTION SYSTEM

Rule 0400-11-01-.04(8)(e)5. Maintain and monitor the gas collection and control system (if such is
present at the facility);

Maintenance and monitoring of the gas collection system will include inspecting the
passive vents and ensuring that the pipes are undamaged and outlets are clear and
unobstructed.

3.2.5 GROUNDWATER MONITORING PLAN

Rule 0400-11-01-.04(8)(e)6. Maintain and monitor the ground and/or surface water monitoring
system (if such is present at the facility). The monitoring system and sampling and analysis program
established in the permit shall be continued during the post-closure care period, unless the permit is
modified to establish a different system or program. Monitoring data must be reported in writing to
the Division Director within 30 days after the completion of the analyses.

Groundwater monitoring during the post-closure care period will be performed in
conformance with the Groundwater Monitoring Plan presented in Part C of the permit
application. Monitoring data will be reported in writing to the Division Director within 30
days after the completion of the analyses.

3.2.6 INSPECTIONS

To comply with Rules 0400-11-01-.04(8)(e)1-6 (Sections 3.2.1 through 3.2.5), a visual
inspection of the site will be made on a regular basis for the duration of the post-closure
care period. Inspections will be completed on a quarterly basis for the initial year
following closure and on an annual basis thereafter.  Maintenance or other corrective
measures needed to prevent the deterioration of the closure system will be identified
during the inspections. A post closure checklist that will be used for inspections to identify
needed maintenance is provided as Appendix B.2 of this Closure and Post-Closure Plan.
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Features to be inspected include active as well as closed portions of the disposal site, the
leachate collection system, surface-water and ground-water monitoring locations,
security devices, vegetative cover, confirming proper grades for positive drainage,
sediment ponds, and other erosion/sedimentation control features. Each inspection will
be documented and will include, at a minimum, the following information: date and time
of inspection, name of inspector, notation of observations made, nature of any remedial
actions to be taken, and recommendation for corrective measures.

POST CLOSURE MAINTENANCE AND INSPECTION SCHEDULE

ACTIVITY FREQUENCY

Visual Site Inspection

1st Year: Quarterly
2nd-30th Year: Annually

     Leachate Collection System
     Surface-water

Ground-water Monitoring Locations
Security devices

     Vegetative Cover
     Final Grading/Drainage

Sediment Basin
     Erosion/Sediment Control Features

Vegetation Maintenance (Grass Cutting)
1st Year: Quarterly

2nd-30th Year: Twice Annually

Sediment Basin Cleanout
½ Wet Pool Compromised

Compromised Forebay

3.2.7 POST-CLOSURE CERTIFICATION

Rule 0400-11-01-.04(8)(e)7. Following completion of the post-closure care period for each SWLF
unit, the owner or operator must file with the Department a certification verifying that post-closure
has been completed in accordance with the post-closure plan.

Following completion of the post-closure care period for the disposal facility, Scepter will
file with the Department a certification verifying that post-closure has been completed in
accordance with the C/PC plan.

3.3 POST-CLOSURE USE

Rule 0400-11-01-.03(2)(b)2(v). A description of the planned uses of the property during the post-
closure care period.

Following development and closure of the landfill facility, the property is expected to be
used as an open space.  Any other uses will first be approved by the appropriate
regulatory agencies.



Part II Permit Application
Closure and Post-Closure Plan Scepter Disposal Facility

Page 13

4.0 NOTICE IN DEED TO PROPERTY

Rule 0400-11-01-.04(8)(f) Notice in Deed to Property - The operator must ensure that, within 90
days of completion of final closure of the facility and prior to sale or lease of the property on which
the facility is located, there is recorded, in accordance with State law, a notation on the deed of
property or on some other instrument which is normally examined during a title search that will in
perpetuity notify any person conducting a title search that the land has been used as a disposal
facility and its use is restricted in accordance with the approved closure/post-closure plan.

Within 90 days of completion of final closure activities of the facility and prior to final sale
or lease of the property on which the facility is located, Scepter will ensure that there is
recorded, in accordance with State law, a notation on the deed to the property or some
other instrument, which is normally examined during a title search that will in perpetuity
notify any person conducting a title search that the land has been used as a disposal
facility, and the use of the property is restricted in accordance with the approved
closure/post-closure plan.

Rule 0400-11-01-.04(8)(g) Open Dump or Unauthorized Dump Closing - A person discontinuing the
use of an open dump or unauthorized dump, whether on his own initiative or at the direction of the
Commissioner, shall take all the actions determined by the Commissioner to be necessary, including
but not limited to, the following: [remainder omitted]

Because there is neither an Open Dump nor Unauthorized Dump on site; Rule 0400-11-01-
.04(8)(g) is not applicable to this facility.

5.0 AMENDMENT OF PLAN

Rule 0400-11-01-.03(2)(c). Amendment of Plan – The approved closure/post-closure care plan may
be amended at any time during the active life of the facility or during the post-closure care period as
set forth in this subparagraph.

1. The operator may request to amend the plan to alter the closure requirements, to alter
the post-closure care requirements, or to extend or reduce the post-closure care period
based on cause. The request must include evidence demonstrating to the satisfaction of
the Commissioner that:

(i) The nature of the facility makes the closure or post-closure care requirement(s)
unnecessary; or

(ii) The nature of the facility supports reduction of the post-closure care period; or

(iii) The requested extension in the post-closure care period or alteration of closure or
post-closure care requirements is necessary to prevent threats to human health and
the environment.

2.  Such plan amendments shall be processed as modifications to the permit. However, the
Commissioner may decide to modify the plan if he deems it necessary to prevent threats
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to human health and the environment. He may extend or reduce the post-closure care
period based on cause or alter the closure or post-closure care requirements based on
cause. However, no such modifications shall be initiated until the operator has been
notified of such proposed action and provided the opportunity to be heard on the
matter.

Amendments to the plan as requested by Scepter will include the necessary information
required by rule.
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APPENDIX B.1
Cost Estimate for Closure and Post-Closure
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COST PER ACRE FOR FINAL COVER

A. Location of Soil Materials
The barrier layer (waste cover) soil, protective cover material and topsoil necessary for final
cover construction of the synthetic cap area will be obtained either from on site stockpiles,
from excavation for cell construction or drainage channel construction, or from borrowed
areas on site, or off-site, as needed.

B. Cost per acre for acquisition, placement and compaction of barrier layer soil.
(1) Acquisition of barrier layer soil

(a) Quantity of material needed per acre (yd3/acre):            807
(b) Excavation unit cost ($/yd3) (obtained on site)         $2.00
(c) Acquisition cost ($/acre)    $1614.00

(2) Placement and Compaction

(a) Placement/spreading unit cost ($/yd3)         $2.00
(b) Compaction cost ($/yd3)         $1.10
(c) Placement and compaction cost ($/acre)   $2,502.00

(3) Acquisition, placement and compaction cost ($/acre)   $4,116.00
(Line (1)(c) + (2)(c))

C. Cost per acre for acquisition, placement and compaction of cap cover layer and topsoil
including testing.
(1) Acquisition of cap cover material

(a) Quantity of material needed per acre (yd3/acre):         2,420
(b) Excavation unit cost ($/yd3) (obtained on site)         $2.00
(c) Acquisition cost ($/acre)   $4840.00

(2) Acquisition of topsoil

(a) Quantity of topsoil needed per acre (yd3/acre): 807
(b) Excavation unit cost ($/yd3):          $5.00
(c) Acquisition cost ($/acre)    $4035.00

(3) Placement and compaction/cap cover

(a) Placement/spreading unit cost ($/yd3)         $2.00
(b) Compaction cost ($/yd3)         $1.10
(c) Placement and compaction cost ($/acre)   $7502.00

(4) Placement/topsoil
(a) Spreading unit cost ($/yd3):          $2.75
(b) Placement cost ($/acre):        $2,219
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(5) Testing
(a) Soil classification ($/acre) $50
(b) Survey control for cover thickness and proper slopes ($/acre) $225
(c) Density testing ($/acre) $350
(d) Testing cost ($/acre)           $625

(6) Acquisition, placement and compaction cost ($/acre)       $19,221
(Line (1)(c) + (2)(c) + (3)(c) + (4)(b) + (5)(d))

D.  Cost per acre for installation of synthetic liner system
(1) Geocomposite Gas Relief Layer and Vents ($/acre)       $27,500
(2) Flexible Membrane Liner -40 Mil LLDPE ($/acre)                   $27,500
(3) Geocomposite Drainage Layer ($/acre)       $32,500
(4) Synthetic Liner System Cost ($/acre)       $87,500

 (Line (1) + (2) + (3))

E. Cost per Acre to Establish Vegetation
(1) Seeding, Fertilization, Mulching unit cost ($/acre)        $ 2,000

F. Cost per Acre to Certify Closure
Registered Professional Engineer -
(1) Initial review of closure plan (hrs.)            8
(2) Total number of inspections (3 per phase)    12
(3) Inspection time required (hrs./visit)             8
(4) Total inspection time (hrs.) (Line (F)(2) * (F)(3))    96
(5) Prepare final documentation (20 hrs. per phase)    80
(6) Total engineer time (hrs.):   (Line (F)(1)+(F)(4)+(F)(5))   184
(7) Engineer unit labor cost ($/hr.):             $125
(8) Professional engineer cost ($):(Line (F)(6) * (F)(7))        $23,000
(9) Area of site permitted for Synthetic Cap (acres):              26.4

           (10) Closure certification cost ($/acre): ((F)(8)/(F)9))             $871

G. Total Cost per Acre for Final Cover                  $113,708
B(3) + C(6) + D(4) + E(1) + F(10)
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VI. OTHER CLOSURE COSTS

A. Property Deed Notation Costs are estimated at $2,500.

B. Drainage and Erosion Control Costs
The work required for closure of the site in addition to the placement of final cover includes
the drainage and erosion control structures.  The costs for drainage channels and erosion
control devices are approximately $120,000 (based on $60/LF).

C. Survey Costs
Surveys will be conducted to verify thicknesses and elevations of various layers as described
above.  The cost for survey work is approximately $92,000 (based on $3,500/Acre).

E. Other Closure Costs Total – ((A)+(B)+(C))      $215,000

VII. CLOSURE COST ESTIMATE
26.4 Ac. x $113,708/Ac.    $3,001,891
Add VI.E:       $215,000

Total Closure Cost Estimate                $3,217,000

VIII. PARTIAL CLOSURE COST ESTIMATE

Partial Closure Cost Estimate
Phase Closure Area (ac) Unit Price ($/ac) Cost per Phase

3 8.8
113,708

$1,000,630
4 4.1 $466,203

Final 13.5 $1,535,058
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POST-CLOSURE COST ESTIMATE - 30 years

A. Cost for Semi-Annual Inspections and Reports

1. Inspection
(a.)  Number of inspections during post-closure period

(semiannual inspections for 30 years.)         62
(b.)  Inspector time required (hrs./inspection)           2
(c.)  Inspector unit labor cost ($/hr.)       $80
(d.)  Inspection cost ($) (Line Al(a) x Al(b) x Al(c))                   $9,920

2. Report Preparation
(a.)  Number of reports during post-closure period         62
(b.)  Cost per report ($)     $200
(c.)  Report cost ($) – (Line A2(a) x A2(b)) $12,400

3. Inspection and Report Cost ($) (Line A1(d)+A2(c)) $22,320

B. Cost for Maintenance of Final Cover and Vegetation

The cost for cover maintenance and vegetation shall be twenty (20) percent of the cost per

acre calculated for protective cover & topsoil and vegetation in the closure plan.

1. Final Cover Maintenance

a.  20% of the cost of placement of protective cover & topsoil and vegetation

(as determined by Items C(6) and E (1) of the Closure Plan =

$21,221/acre):                                      $4,245

b.  Total area of site permitted for filling (acres)      26.4

c.  Total area of site for final cover (acres)      26.4

d.  Cover Maintenance Cost ($) Line B1 (a) x B1 (c) $112,068

C. Cost for Vegetation Control

1. Mowing

a.  Mowing frequency (visits/30 years)         62

b.  Area to be mowed (acres/visit)       26.4

c.  Mowing unit cost ($/acre)       $200

d.  Vegetation Control Cost ($) Line Cl(a) x Cl(b) x Cl(c) $327,400
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D. Cost for Maintenance of Access Control and Benchmarks

1. Access Control Maintenance   $1000

2. Benchmark Maintenance Cost (if any) ($)                 $500

3. Access Control and Benchmark Repair Cost ($)

(Line Dl + D2)  $1,500

E. Cost for Leachate Collection System Monitoring and Maintenance

1. Leachate Collection System Inspection

a.  Inspection frequency (inspection/30 years)         62

b.  Inspection time required (hrs./inspection)                       2

c.  Inspector unit labor cost ($/hr.)       $80

d.  Inspection cost ($) (Line El (a) x El (b) x El (c))               $9,920

2. Leachate Collection System Maintenance

a.   Line Cleaning $10,000

b.   Storage tanks/valve maintenance                                       $5,000

c.   Pump Repair $10,000

d.  Maintenance cost ($) (Line E2(a) + E2(b)+E2(c))             $25,000

3.  Electricity Costs  ($500/Year) $15,000

4.   Leachate Collection Monitoring and Maintenance Cost ($)

(Line E1(d) + E2(c) + E3) $50,000

F. Cost for Methane Control System Monitoring and Maintenance

1. Methane Control System Monitoring

a.  Gas monitoring frequency (visits/10 years) N/A

b.  Time required to monitor (hrs./visit) N/A

c.  Contract lab technician unit labor cost ($/hr.) N/A
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d.  Gas monitoring cost ($)

LineFl(a)xFl(b)xFl(c) N/A

2. Gas Monitoring Well Maintenance

a.  Maintenance frequency (visits/30 years) N/A

b.  Monitoring wells needing maintenance per visit N/A

c.  Maintenance time required (hrs./well) N/A

d.  Unit labor cost ($/hr.) N/A

e.  Gas Monitoring well maintenance costs ($)

(Line F2(a) x F2(b) x F2(c) x F2(d)) N/A

3. Gas Monitoring and Maintenance Cost ($)

(Line F1 (d) + F2(e)) N/A

G. Cost for Groundwater Monitoring System Maintenance

1. Monitoring Well Maintenance

a.  Maintenance frequency (visits/30 years)         30

b.  Number of monitoring wells needing maintenance per visit           1

c.  Maintenance time required (hrs./well)           4

d.  Unit labor cost ($/hr.)       $80

e.  Monitoring well maintenance costs ($)

(Line Gl(a) x Gl(b)xGl(c)xGl(d))               $9,600

2. Monitoring Well and Parts Replacement

a.  Number of wells needing replacement during

post-closure period           2

b.  Existing monitoring well sealing unit cost ($/well)    $1500

c.  New monitoring well construction unit cost ($/well)    $3500

d.  Monitoring well replacement cost ($) (Line G2a x

 (G2(b) + G2(c)))             $10,000

e.  Number of pumps needing replacing during post-

closure period         N/A
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f.  Pump cost ($) - ($/pump) `         N/A

g.  Pump cost ($) - Line G2(e) x G2(f)                    N/A

3. Groundwater monitoring system maintenance cost

Line Gl(e) + G2(d) + G2(g)             $19,600

H. Cost for Groundwater Monitoring

1. Groundwater Monitoring

a.  Number of required monitoring wells          3

b.  Monitoring frequency (semiannual sampling for 30 years)         60

c.  Sampling and analysis cost ($/well)                                         $1,250

d.  Groundwater Monitoring Cost ($)

(Line la x Line 1b x Line 1c)             $225,000

I. Cost for Leachate Hauling

1.        Leachate Pumping and Hauling

a.  Leachate removal frequency (loads/30 years)       500

b.  Quantity to be managed (gals/load)    3,000

c.  Truck capacity (gallons)    3,000

d.  Number of loads/visit (Line Il(b) / Il(c))                      1

e.  Pumping and transportation unit cost ($/load)                    $20

f.  Leachate Hauling Cost ($) (Line I1(a) x I1(d) x I1(e)) $10,000

J. Cost for Leachate Disposal

1. Leachate Treatment

a.  Leachate Disposal Frequency (years)          30

b.  Volume of Leachate requiring disposal (gals.) 1,560,000

c.  Disposal unit cost (Annual Lump Sum)                 $0.00

d.  Leachate Disposal Cost ($) (Line J1 (a) x J1 (c)                 $0.00
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K. Total Post-Closure Cost

Total of (Line A.3. +B.1.d.++C.1.d.+D.3.+E.4.+G.3.+H.1.d.+I.1.F.+J.1.d.         $767,888



APPENDIX B.2
Post-Closure Care Checklist
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Post-Closure Inspection and Maintenance Report Form

Location/Feature Inspected
Date of

Inspection
Time of

Inspection

Inspection
after

significant
rainfall

Observed
Maintenance

Deficiency
(see list
below)

Condition
(see below) Corrective Action Required / Other Remarks

Date Repair
Completed

Example: Top of Cover, west side

Condition Code: G = Good M = Marginal, needs maintenance within 7-days P = Poor, needs immediate maintenance C = Needs to be cleaned O = Other (Explain in Corrective Action Section)

INSPECTION CHECKLIST
GROUND SUBSIDENCE SLOPE STABILITY MONITORING WELLS OUTFALLS/HYDRAULIC STRUCTURES

1. Evidence of cracking 9. Rotational/block failure 15. Well identification not visible 22. Erosion observed
2. Evidence of depression 10. Maintenance sloughing 16. Well cap unlocked or insecure 23. Sedimentation observed
3. Evidence of sinkhole 11. Evidence of seeps 17. Ponded water in well vicinity 24. Inlet/outlet obstruction
4. Evidence of ponding CHANNELS/LININGS 18. Subsidence in well vicinity GENERAL/OTHER SITE FEATURES

FINAL COVER 12. Erosion observed 19. Erosion in well vicinity 25. Evidence of unauthorized entry
5. Animal burrows observed 13. Sedimentation observed 20. Collision damage 26. Damage/missing facility signage
6. Stressed vegetation observed 14. Lining deterioration/displacement 21. Well casing degradation 27. Other deficiency observed
7. Undesired vegetation present
8. Excavation in final cover

Inspector Information:
Name Title Signature

PRECIPITATION DATA

Date
Rain Data

Ins. Amount
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1.0 INTRODUCTION

1.1 BACKGROUND

This document provides field procedures and sampling protocols, analysis, and record keeping
requirements that are applicable to the Scepter, Inc. Industrial Landfill in Waverly, Tennessee (IDL
43-102-0078) as provided in Tennessee Department of Environment and Conservation (TDEC) Rule
0400-11-01 for the groundwater monitoring of a solid waste disposal facility.

A new on-site solid waste disposal facility is required for the Scepter landfill to continue receiving
aluminum waste byproducts generated by the company.  The new area of the disposal facility is
identified as the East Phase site, and is located immediately east of the existing West Phase Site.
The Groundwater Monitoring Plan (GWMP) describes procedures and protocols to evaluate the
potential impacts from both the East and West Phases of the disposal facility on groundwater
quality beneath the site. Figure 1 shows the location of the property on a regional topographic
map.

The procedures to be adhered to and the sample analyses to be performed during groundwater
detection monitoring activities will be completed consistent with the protocols identified herein.

1.2 CERTIFICATION

I certify under penalty of law that this document was prepared by me or under my supervision in
accordance with a system designed to assure that qualified personnel properly gathered and
evaluated the information submitted. The information submitted is, to the best of my knowledge
and belief, true, accurate, and complete.

Craig A. Bernhoft, P.G.
June 29, 2016
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2.0 FACILITY SETTING

2.1 LOCATION AND DESCRIPTION

The Scepter, Inc. Industrial landfill is located in Humphreys County, Tennessee and lies between
the cities of Waverly and New Johnsonville.  The landfill can be accessed from Scepter Road, north
of Highway 70 traveling west from Waverly, Tennessee.  The Scepter property occupies
approximately 350 acres of land along the Tennessee River (Kentucky Lake).  The area
encompassed by the disposal facility (East and West Phases) is approximately 70 acres and varies
in elevation from 420 to 620 feet msl.

2.2 MONITORING WELL LOCATIONS

The groundwater monitoring system is designed to assess the quality of groundwater unaffected
by disposal processes and to monitor groundwater quality at the downgradient compliance
boundary of the disposal facility. The groundwater monitoring system consists of two upgradient
(background) wells and several downgradient monitoring wells.  The locations of the monitoring
wells are shown on Figure 2.   The active West Phase is currently being monitored by the wells
shown in the table below.  The East Phase will be monitored by the additional East Phase
monitoring wells that were installed during the East Phase hydroleologic groundwater
investigation.  The additional hyrdogeologic investigation drilling activities took place from
December 7, 2015 to December 17, 2015. The drilling locations were initially selected to
characterize the uppermost aquifer and evaluate subsurface conditions to form the basis of
design.  The wells were installed following the procedures established by the USEPA SESDGUID-
101-R0, Design and Installation of Monitoring Wells.  The completed wells were fitted with a
protective steel casing, a concrete well pad and steel bollards cemented in place for protection.
The monitoring wells at the Scepter facility were surveyed to establish vertical and horizontal
positioning that is used for determining groundwater elevations during sampling events.

During the semi-annual groundwater monitoring event, groundwater samples will be collected
from some or all of the following monitoring wells depending on disposal activities.

West Phase East Phase

Background Well – MW-1A Background Well – MW-E1

Down-gradient Well – MW-2A Downgradient Well – MW-E2

Down-gradient Well – MW-3

Down-gradient Well – MW-4
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3.0 GROUNDWATER MONITORING PROGRAM

This section provides a discussion of the Groundwater Monitoring Program for the landfill in
accordance with the TDEC Solid Waste regulations established in Rule 0400-11-01-.04.

3.1 DETECTION MONITORING PROGRAM

Groundwater samples are initially being collected and analyzed from the East Phase site
monitoring wells for the indicator parameters on a quarterly schedule during the first year
following installation and are scheduled for semi-annual sampling following the startup of landfill
operations.  The purpose of this pre-operational (prior to placement of waste) sampling for the
East Phase is to establish statistical baseline concentrations for analytes in each well.  During the
sampling events, groundwater samples from the monitoring wells will be analyzed for the
approved parameters that are required by TDEC Division of Solid Waste Management (DSWM) to
be sampled semi-annually at the Scepter landfill, as listed below:

Aluminum Arsenic       Barium  Cadmium Calcium Chromium

Cobalt            Copper         Iron  Magnesium Manganese Nickel

Potassium Silver        Sodium  Vanadium Zinc             Chloride

Nitrate             Sulfate        Ammonia - Nitrogen Total Phosphorus

COD             TOC        TDS

The analytical methods used to analyze all samples will be the appropriate methods from EPA
Publication SW-846.  The particular SW-846 method used will have laboratory reporting limits of
the lowest practical quantitation limits (PQL) (i.e., laboratory reporting limits) that can be reliably
achieved within specified limits of precision and accuracy. The laboratory reporting limits (PQL or
PQL equivalent such as EQL, RL, LOQ, etc.) will be the lowest practical quantitation limits that can
be reliably achieved within specified limits of precision and accuracy, with a target of at least four
times below all established groundwater protection standards in Appendix I of Rule 0400-11-01-
.04 or other groundwater protection standards approved by the DSWM.

Upon completion of the quarterly events conducted in the first year, the concentrations of the
groundwater constituents will be evaluated to determine if they are representative background
concentrations. Upon approval by TDEC, these background concentrations will be used to screen
all subsequent groundwater samples collected during the Detection Monitoring Program.

3.2 DATA QUALITY OBJECTIVES

Data Quality Objectives (DQOs) are determined by the intended use of the analytical data. The
goal of this project is to utilize the existing groundwater monitoring network for detection
monitoring for the parameters as required and permitted by the TDEC DSWM.
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The main purpose of this plan is to develop and ensure that the implementation of procedures to
be used for field sampling, chain-of-custody, laboratory analysis, and chemical data reporting will
provide legally defensible data of known quality. The quality of the data generated must support
the end use of the data.  The minimum data documentation requirements for the groundwater
monitoring activities are outlined as follows:

Sampling Quality Control Data and Information:

• Chain-of-Custody

• Date and time each sample was taken

• Map or diagram indicating sample locations

• Any notable observations (color, clarity, texture, reaction with preservatives, etc.)

• Trip Blank

• Equipment blank (rinsate blank)

• Identity of field duplicates (a minimum of one duplicate for every 20 or fewer samples)

• Sample for site specific MS/MSD

Laboratory Quality Control Data and Information:

• Completed Chain-of Custody

• Date and time of receipt at the laboratory

• Condition of samples upon receipt at the laboratory

• Sample identification number or designation

• Sample preparation, extraction, cleanup, or digestion method(s) and date(s)

• Analytical method (name, number, and source) and date of analysis

• Final analytical results

• Case narrative (Includes deviations from standard analytical or preparatory
procedure(s); quality control problems encountered—whether stemming from system,
instrumentation, analyst error, or sample matrix; corrective measures taken; if
corrective measures as called for in the method were not taken; results of corrective
measures taken; etc.)

3.3 REPORTING

Within sixty (60) days following the last day of the sampling event, Scepter will submit to DSWM
the groundwater sampling and analysis results, statistical determinations, and associated
recordings of the groundwater surface elevations.  The groundwater monitoring reports will
provide the following items as specified in TDEC’s Ground Water Monitoring Guidance for Solid
Waste Landfill Units (GW Monitoring Guidance Document):
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1. Description of sampling procedures, field measurements (i.e., water quality
parameters), purge volumes, dates and times of sampling, and weather conditions;

2. Elevation (MSL-mean sea level) of each monitoring well’s top of casing and
groundwater surface;

3. Groundwater flow direction and rate across the site;

4. A description of the results of the inspections of all monitoring wells pad, above-ground
casing, locking cap, and lock;

5. A scaled map of the facility showing the locations of all monitoring points and the MSL
potentiometric surface determined from water level measurements collected during
the event, the property boundaries, and active and closed fill areas;

6. Summary of sampling parameters and analysis methods;

7. Copies of chain of custody forms and laboratory reports;

8. Tabulated sample results compared against background groundwater quality
concentrations and groundwater protection standards;

9. Summary of the statistical method used for determining a statistically significant
increase meeting the requirements of Rule 0400-11-01-.04 and the results of the
statistical analysis;

10. Scaled site base map that presents the location of each monitoring well and
concentrations of the constituents/parameters that were found to statistically exceed
background concentrations or groundwater quality protection standards;

11. A schedule for the next sampling event; and,

12. A certification meeting the requirements of Rule 0400-11-01-.02(3)(a) 7, 8, and 10.

3.4 STATISTICAL DATA EVALUATION

Consistent with the current monitoring program, an interwell statistical analysis, consistent with
both the requirements of Rule 0400-11-01-.04 and the statistical characteristics of the historical
groundwater monitoring data will be the methodology applied to future monitoring data to assure
timely detection of statistical exceedances at the compliance monitoring boundary.  Normality
testing will be used to evaluate the data at a 0.01 or 0.05 significance level, in accordance with
Rule 0400-11-01-.04 (7) (a) 4. (vi). A high percentage of non-normally distributed data is generally
due to a high percentage of measurements below analytical reporting limits.

When the statistical characteristics of prior monitoring data match the distribution described
above, that indicates that the prediction interval methods adapted by Gibbons (1990 and 1994)
would likely be applicable to the groundwater detection monitoring program.  Either parametric or
nonparametric prediction interval methods would be applied depending on normality of individual
constituent data. In general, one-sided upper prediction limits (UPLs) derived from n baseline
measurements from each well and having a (1-α) probability of including at least one of two future
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measurements at the well would be computed for each constituent using the methods of Gibbons
(1994, pp. 8-76), where α is the Type 1 (false-positive) error level. Future sample measurements
from each well will be compared to baseline UPLs developed from a minimum of four baseline
monitoring events for each well.  Once waste is placed in the landfill, the background or baseline
dataset is complete and statistics can be computed.  If a new measurement exceeds a UPL, one
verification resample would be collected from each monitoring well having a statistical exception.
The resample would be analyzed only for the exceeded constituent(s). Should the resample result
exceed the UPL, the exception would be deemed statistically significant; otherwise, the original
UPL exception would be considered insignificant.  Resampling may also be unnecessary and
therefore waived if samples are chronically above the UPL for a given metal and results are within
the historical range of data observed at this well.

Tolerance intervals will be constructed using ProUCL, a statistical analysis program developed by
the United States Environmental Protection Agency (USEPA) or similar data management and
software programs.  The statistical analysis includes characterization of the data, assumption
testing, specific statistical comparisons to test hypotheses, and interpretation of results.  All
methods used will be in accordance with the following USEPA guidance and ASTM standards:

• “Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities – Unified
Guidance” Office of Resource Conservation and Recovery Program Implementation and
Information Division USEPA, EPA 530-R-09-007, March 2009.

• ASTM D7048 Standard Guide for Applying Statistical Methods for Assessment and
Corrective Action Environmental Monitoring Programs.

• ASTM D6312 Standard Guide for Developing Appropriate Statistical Approaches for
Groundwater Detection Monitoring Programs.

Monitoring well data will also be compared to the TDEC MCLs listed in Appendix III of Rule 0400-
11-01-.04.

3.5 ASSESSMENT MONITORING

If groundwater detection monitoring results indicate either a statistically significant increase above
background for any naturally occurring constituent or a confirmed detection of any required
monitoring parameter that does not occur naturally, TDEC DSWM will be notified within 14 days of
this finding. In accordance with Rule 0400-11-01-.04(7)(a)5, Scepter may within 90 days from the
sample analysis date, demonstrate that a source other than the landfill caused the contamination
or that the statistically significant increase resulted from error in sampling, analysis, and/or
statistical evaluation, or from natural variation in groundwater quality. If such a demonstration is
not documented and approved by the DSWM within 90 days from the sample analysis date, then
Scepter will initiate an Assessment Monitoring Program as specified in Rule 0400-11-01-.04(7)(a)6.
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4.0 GROUNDWATER SAMPLING AND ANALYSES

The following section briefly summarizes the primary components of the groundwater sampling
and analysis plan to be utilized at the Scepter Disposal Facility.

4.1 HEALTH AND SAFETY PLAN

Prior to the field sampling activities, the site Health and Safety Plan (HASP) will be updated
specifically for current operations at the Scepter landfill in Waverly, TN. The HASP is designed to
assign responsibilities, establish personal protection standards and mandatory safety procedures,
and provide for contingencies that may arise while groundwater monitoring activities are being
conducted at the site.  The HASP complies with, but does not replace, Federal Health and Safety
Regulations, as set forth in 29 CFR 1910 and 1926, and applicable state regulations. This HASP is to
be used by field personnel as a supplement to these rules, regulations, and guidance.

Any proposed changes to the plan will be reviewed with a health and safety professional prior to
their implementation.  If this is not feasible, the Site/Project Manager may modify the plan and
record all changes in the field logbook. Under no circumstances will modifications to this plan
conflict with federal, state, or other governmental health and safety regulations.

4.2 GROUNDWATER LEVEL GAUGING

Each sampling event will commence with a site-wide groundwater level gauging event to provide a
“snapshot” of groundwater head distribution. The depth to water surface from the top of each
reference point (e.g., top of well casing) will be measured in each well to the nearest 0.01 foot
with an electronic water level indicator before pumping or bailing begins, and the total depth of
the well will be measured using a weighted tape. The volume of water present in the well prior to
sampling will be calculated and recorded along with other well measurements and observations
on the Groundwater Data Field Worksheet. The water level indicator will be cleaned after each
measurement by rinsing with distilled water and wiping dry as it is wound on the reel.

4.3 GROUNDWATER PURGING AND SAMPLING

Wells will be purged prior to sampling to ensure that representative groundwater is obtained from
the uppermost aquifer. Either the low-flow minimal drawdown or volume-averaging purging
methods will be performed. Low-flow sampling will be performed in general accordance with
USEPA published protocols (USEPA 1996A and 1996B) or the American Society for Testing and
Materials standard practice (ASTM, 2002). Volume-averaging purging will be performed by
removing a minimum of three columns of water from a well using a variable-speed submersible
pump or bailer.

For low-flow sampling, field parameters will be continuously monitored while purging using a
calibrated, in-line, multi-parameter, flow-through cell. The field instruments used to collect water
quality data will be appropriately calibrated each day in accordance with the manufacturer’s
instructions. Sample collection will begin after stabilization of the field parameters. Parameter
stability will be defined as three successive readings taken at 3- to 5-minute intervals that are
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within ±0.1 for pH, ±3% for conductivity, ±10% for turbidity (or less than 10 NTU), and ±3% °C for
groundwater temperature. For the volume-averaging purging method, field parameters will be
measured periodically during purging in an open sample container using a calibrated multi-
parameter water quality meter, but purging will be considered complete upon the removal of
three columns of water from the well.

Time, purge rate, and groundwater level will be periodically recorded throughout the purging
operation. Well purge water will be handled in accordance with applicable investigation derived
waste (IDW) protocols and regulations.

If a low yielding well is purged dry, the well will be allowed to recharge for up to 24 hours. If within
this period, sufficient water is present in the well to obtain the necessary sample volume, a sample
will be collected using a new disposable Teflon bailer or pump.

Samples will be collected directly from the pump discharge line (or disposable bailer) in new
certified sample containers containing appropriate preservatives (where applicable). Clean nitrile
(or equivalent) gloves will be worn when handling sample containers and the sampling equipment.
When filling sample bottles, care will be taken to minimize sample aeration and overfilling. Sample
bottles will be filled one at a time and capped before filling the next bottle. Samples will be placed
on ice immediately after collection.

All sample containers will be labeled with permanent sample identifications (ID). This sample ID
number will be unique for each sample collected and will be cross referenced on all field sheets
and on the sample chain of custody (COC) form.

Any problem observed that might affect the quality of these procedures will be identified and
recorded on the field data sheet, along with the action(s) taken to resolve it. Problems that might
affect quality include clogged sampling tubes, highly turbid samples, defective material or
equipment, inability to comply with quality procedures, or atmospheric/ambient conditions.

4.4 SAMPLING EQUIPMENT DECONTAMINATION PROCEDURES

Sampling equipment will be decontaminated prior to use in the first well and following sampling of
each subsequent well.  Pumps will not be removed between purging and sampling operations.
The pump and tubing (including support cable and electrical wires which are in contact with the
well) will be decontaminated by one of the following procedures:

· Flush the equipment / pump with potable water.

· Flush with non-phosphate detergent solution.  If the solution is recycled, the solution must
be changed periodically.

· Flush with tap or distilled / deionized water to remove all of the detergent solution.  If the
water is recycled, the water must be replaced periodically.

· Flush with distilled / deionized water.  The final water rinse need not be recycled.
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4.5 QUALITY ASSURANCE AND QUALITY CONTROL

Four types of QA/QC samples will be utilized to meet the project.  QA/QC samples will be collected
only for samples undergoing chemical analysis.

· Trip Blanks

A blank that is prepared in the laboratory, transported to the sampling site, and handled in
the same manner as other samples, except that it remained unopened.  If VOC’s are being
analyzed in the groundwater samples, the trip blank is returned to the laboratory for VOC
analysis to ensure that contamination is not introduced to samples via transportation or
handling procedures.

· Equipment Rinsate Blanks

A blank prepared in the field using deionized/distilled water provided by the laboratory.
The water is poured over/through sampling equipment that has been previously
decontaminated.  The blank water is then collected into sample bottles and analyzed for
the parameters of interest.  The purpose of this blank is to ensure that field conditions
and/or the equipment are not introducing contaminants to the samples.

· Field Duplicates

A duplicate sample taken in the field and sent to the laboratory for analysis.  The results
will provide some indication of the homogeneity of the sample medium and the precision
of the field sampling and laboratory sample analysis.  Accurate field notes will ensure that
each duplicate can be matched to its corresponding investigatory sample.

· Matrix Spike/Matrix Spike Duplicates (MS/MSDs)

A “MS” is a subsample of an investigatory sample to which the laboratory adds a spike
containing analytes at known concentrations prior to extraction/analysis of the sample to
assess the effect of sample matrix on the extraction and analysis methodology.  The MSD is
another subsample from the original investigatory sample (subsampling performed at the
laboratory) which is similarly spiked.  The sample selected for MS/MSD analysis will not be
from the location from which the field duplicate is obtained and will be indicated on the
chain-of-custody.  Additional sample volumes will be collected to perform these analyses.

QC samples will be identified on the sample container label and on the chain-of-custody
documentation.  Field duplicates, MS/MSDs, rinsate blanks, and trip blanks (if applicable) will be
collected at the frequency shown in the table below for each parameter class of interest.

QC Sample Frequency
Trip Blanks 1/day/cooler containing VOC samples
Field/Equipment Rinsate Blanks 1/week/matrix or 1/20/matrix*
Matrix Spikes/Matrix Spike
Duplicates

1/20/matrix
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Field Duplicate 1/day/matrix or 1/20/matrix*
 *Whichever is less

The contracted laboratory will maintain detailed records of analytical procedures for a minimum
of five years, in order to support the validity of the analytical work.  Each data report submitted to
the Project Manager will verify that the approved analytical method was performed and that
QA/QC checks were within the established protocol limits on the samples.  The verification must
be provided by the laboratory project manager, laboratory manager, or QA officer.  If any QA
problems are encountered during sample analysis, the laboratory Project Manager and/or QA
Officer will report the problem(s) to the URS Project Manager in writing.  This may be in the form
of a technical narrative in the data package.  The laboratory generates internal reports for
evaluating and documenting the quality assurance program.  These reports may include:

· The results of internal systems audits including any corrective actions taken;

· Performance evaluation scores and commentaries;

· Results of site visits and audits by regulatory agencies and clients;

· Performance on major contracts (including CLP as applicable);

· Problems encountered and corrective actions taken;

· Holding time violations; and

· Comments and recommendations.

4.6 SAMPLE PRESERVATION AND SHIPMENT

All samples will be adequately marked for identification (ID) from the time of collection and
packaging through shipment and storage.  Marking will be on a sample label attached to the
sample container using a waterproof pen designed for that purpose.  The information on the
sample label will include, at a minimum, the project name, sample ID number, requested analysis,
sample date and time, and initials of the individual(s) performing the sample collection.

The amount of sample retained is dependent on the analysis required.  Each groundwater sample
collected will be transferred from the sampler to new, clean, laboratory-provided containers
appropriate for the anticipated analysis.  The top of each container will be immediately closed
tightly to seal it and to prevent loss due to volatilization.

Any samples, sample vials, or empty sample or storage bottles containing methanol as a
preservative will be segregated from all other sampling containers, and shall not be shipped or
stored in any coolers containing sample containers intended for VOC analysis.  The minimum
storage requirements will be as follows:

· Store and ship in an insulated cooler nominally at 4 °C;
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· Samples will be protected from freezing by storing in a temperature regulated space where
necessary; and

· All samples will be stored in a safe place under strict chain of custody to preclude any loss
or disturbance.

4.7 CHAIN OF CUSTODY CONTROL

Samples are physical evidence collected from a site or the environment.  An essential part of any
sampling and analytical scheme is ensuring the integrity of the sample from collection to data
reporting.  This includes the ability to trace the possession and handling of samples from the time
of collection through analysis and final disposition.  A sample is considered to be in custody under
the following conditions:

· It is in the person’s physical possession;

· It is in view of the person after he/she has taken possession;

· It is secured by that person so that no one can tamper with the sample; or

· It is secured by that person in an area, which is restricted to authorized personnel.

All environmental samples will be handled under strict COC procedures, beginning in the field.  The
designated Field Team Leader will be the field sample custodian and will be responsible for
ensuring that the procedures are followed.  Sample custody for field activities will include the use
of COC forms, sample labels, custody seals, and field notebooks.  Field notebooks will be used
throughout the project to document all phases of field activities.  Supplies and reagents used for
field measurements will be recorded in the field notebooks or field data sheets.

When the COC is initiated at the laboratory, the laboratory personnel responsible for shipping
sampling containers will have initiated and signed the COC form and sealed the shipping container
with a COC seal.  The field staff should acknowledge receipt and container integrity by signing the
COC form, noting any discrepancies.

If custody of the samples (and sample bottles) is exchanged during field sampling, such transfer
must be documented on the COC form.  The departing field staff should sign indicating the custody
has been relinquished, and the arriving field staff should sign indicating responsibility for the
custody of the samples.

4.8 LABORATORY ANALYSES

The unfiltered groundwater samples will be analyzed for the inorganic constituents listed in
Section 3.1. Analytical methods will be approved EPA methods per EPA Publication SW-846. The
particular SW-846 method used will have laboratory reporting limits of the lowest practical
quantitation limits (PQL) (i.e., laboratory reporting limits) that can be reliably achieved within
specified limits of precision and accuracy.
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4.9 WATER QUALITY GOALS

Where possible, analytical data will be compared to the Environmental Protection Agency’s (EPA)
maximum contaminant levels (MCLs) for primary and secondary drinking water standards
presented in the following table:

PMCL (mg/L)

Arsenic 0.010

Barium  2

Beryllium 0.004

Cadmium 0.005

Chromium 0.1

Mercury 0.002

Nitrate 10

Selenium 0.05

SMCL (mg/L)

Aluminum 0.05 - 0.2

Chloride 250

Copper 1.0

Total Dissolved Solids 500

Iron 0.3

Manganese 0.05

Silver 0.1

Sulfate 250

Zinc 5

PMCL - Primary Maximum Contaminant Level

SMCL - Secondary Maximum Contaminant Level
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4.10 RECORD KEEPING

Field logs will be maintained by Scepter or their representative. The field data sheets will be used
to record pertinent data and observations for each sampling event. Copies of the field logs and
data sheets will be maintained in the project file. Examples of representative field forms for
sampling activities are included in Appendix A.
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APPENDIX
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APPENDIX C.1:Field Worksheet
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1.0 INTRODUCTION

This Construction Quality Assurance (CQA) Plan provides direction for the construction of the
Scepter, Inc. Class II waste disposal landfill located in Waverly, Tennessee. The facility is owned
and operated by Scepter, Inc. (Scepter).

This CQA Plan has been prepared in accordance with the requirements of Rule 0400-11-01-
.04(9)(c)19 as issued by the Tennessee Department of Environment and Conservation’s (TDEC)
Division of Solid Waste Management (DSWM). The purpose of this Plan is to establish standards
that, when followed by the CQA Inspection Personnel, will ensure that the proposed landfill is
constructed in accordance with the Engineering plans. The elements of construction that
require field monitoring and documentation under the Plan include compacted soil liner,
geosynthetic clay liner, geomembrane liner, leachate collection system and final cover. In
addition, field monitoring and documentation of subgrade inspection and buffer verification
will also be required.

The purpose of this Construction Quality Assurance (CQA) Plan is to outline the observation and
testing requirements needed to document and verify the following:

· How each new “as built” solid waste disposal facility unit(s) liner(s) and/or lateral
expansion liner(s) and cover system(s) will be inspected and/or tested by a
registered engineer as required at rule 0400-11-01-.04(1)(c) during construction or
installation for uniformity, damage, and imperfections;

· How each constructed section of the liner system or final cover system will be
certified by a registered engineer; and

· The engineered components meet the lines and grades shown in the construction
drawings and conform to the specifications in the construction documents. The
engineered components meet the lines and grades shown in the construction
drawings and conform to the specifications in the construction documents.

2.0 QA/QC PROGRAM

Although they are related, there is a significant difference between Quality Assurance and
Quality Control. These elements are often confused and interchanged because they are
interdependent. Quality Assurance (QA) relies on the Quality Control (QC) feedback and both
work to deliver good quality products and services. Although this plan is focused on
construction quality assurance, it necessarily also contains items associated with quality
control.
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2.1 ROLES AND RESPONSIBILITIES

2.1.1 OWNER AND OPERATOR

The plant and its ancillary functions are owned and operated by Scepter, Inc. The Owner will be
responsible for overall management of construction activities including contracting and
administration.

2.1.2 CONTRACTOR

The Contractor for this project will be selected by the Owner. The Contractor is responsible for
construction activities associated with this project including meeting all of the requirements for
project quality as defined in the construction plans and specifications for his work as well as
that of his Subcontractors.

2.1.3 CQA CONSULTANT

The CQA Consultant is responsible for making observations and performing field tests to
provide written documentation that a facility is constructed in accordance with the applicable
plans, and specifications and CQA Plan. The CQA Consultant may contract with third party
testing firms to conduct on-site and laboratory testing, as necessary. The CQA Consultant is
responsible for preparing the Construction Certification Report and record drawings for the
project. The following provides a description of the typical CQA Consultant team, including each
member’s roles and responsibilities.

2.1.4 CERTIFYING ENGINEER

The CQA Certifying Engineer is responsible for certifying to the Owner and the permitting
agency that the facility has been constructed in accordance with the plans, drawings, and the
approved CQA Plan. The Certifying Engineer serves as the Professional Engineer for the project
and properly certifies the as-built construction record document. Certifications will bear the
seal of a Professional Engineer registered in the state in which the work is being performed. The
Certifying Engineer may also function as the Project Engineer.

2.1.5 PROJECT ENGINEER

The CQA Project Engineer is responsible for providing engineering and technical support to the
field CQA team throughout the construction process. The Project Engineer works closely with
the CQA Inspector to assist with calculations and complete take-offs in support of as-built
quantities for payment. The Project Engineer also reviews submittals and Requests For
Information (RFI) from the Contractor, reviews and maintains QA/QC data, and coordinates all
supplementary laboratory testing of geosynthetics and soils. The Project Engineer will provide
the following on-site QA personnel as needed:

· CQA Inspector
· Third-party CQA testing firm
· Third-party surveying firm
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2.1.6 CQA INSPECTOR

The CQA Inspector will observe and document construction activities for compliance with the
contract documents. Specific duties of the CQA inspector include:

· Observe and document all construction related activities.

· Observe and document geosynthetic installation activities.

· Coordinate testing with CQA Subcontractor

· Monitor delivery, handling and on-site storage of construction materials.

· Evaluate conformance of all borrow source materials.

· Observe material placement and testing.

· Observe the installation and testing of all mechanical and electrical systems.

· Coordinate material sampling and shipping for laboratory testing.

2.1.7 SUBCONTRACTORS

The CQA Consultant will subcontract with a construction materials testing and inspection firm
for field and laboratory testing as needed. The CQA Subcontractor will provide technicians for
testing and observance including:

· Drilling and subsurface exploration

· Specialty geotechnical services

· Submersible pump installation

Laboratory testing may include:

· Soil testing

· Concrete testing

· Geosynthetic testing

2.2 PROJECT MEETINGS

To achieve a high degree of quality during installation, clear, open channels of communication
are essential. The following meetings should be held when appropriate.

· Pre-Construction Meetings
Two Pre-Construction Meetings may be held, one prior to earthwork construction and one prior
to geosynthetic placement.
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· Daily Meetings
A daily meeting will be held, as necessary, between the CQA Consultant, the Geosynthetic
Installer, and other involved parties. Those attending will discuss, plan, coordinate the work,
and CQA activities to be completed that day.

· Progress Meetings
Progress meetings will be held routinely as determined to be necessary by the CQA Consultant
and owner.

2.3 DOCUMENTATION

An effective CQA plan depends largely on recognition of construction activities that should be
monitored, and on assigning monitoring responsibilities. This is most effectively accomplished
and verified through quality assurance activities. The CQA Consultant will document that quality
assurance requirements have been addressed and satisfied.

The CQA Consultant will prepare and provide to the Owner periodic signed reports which
summarize construction activities and the results of observations and tests including descriptive
remarks, data sheets, and logs to verify that all quality assurance monitoring activities have
been carried out.

2.3.1 CONSTRUCTION CERTIFICATION REPORT

At the completion of the work, a signed Construction Certification Report will be submitted by
the CQA Consultant prepared in accordance with the project requirements

The Construction Certification Report will be prepared and signed and sealed by a professional
engineer skilled in the appropriate discipline(s) and registered in the state of Tennessee.

At a minimum, the Construction Certification Report will include:

1. A narrative section that identifies the engineered components that were
constructed that includes the following:

· A summary of the design and construction specifications and a comparison with
the components that were constructed during the construction event

· A summary of how construction was impacted by weather and equipment
limitations and other difficulties encountered

2. All alterations and other changes that relate to the installation of any of the
components to be certified and presented as follows:
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· A listing of all applicable alteration requests/changes that were previously
concurred with

· All alteration requests/changes and supporting documentation which are
proposed for concurrence

· A list of any other changes made by the owner or operator which do not require
regulatory concurrence but which affect construction or the record drawings

The alteration request will be equivalent or more protective than the applicable regulation or
authorizing document.

3. Results of all tests in accordance with the project specifications.

4. Results of all surveys in accordance with the project specifications. Unless otherwise
specified, the survey data will be reported in a table(s) displaying the northing and
easting for each designated survey point established to be no more than one
hundred feet apart based on the grid system coincident with the design drawings.
Additional points will be established at grade breaks and other critical locations.

5. Record drawings of the constructed facility components showing the following:

· The location of all survey control points.

· Plan views with topographic representation of all engineered components
depicted along with critical elevations such as pipe inverts, sump elevations,
ditch flow lines, tops and toes of berms, locations of repairs, etc.

· The location and as-built detail drawings of all components to be certified.

· If the Certification Report is submitted for the composite final cover system,
cross sections showing the top elevations of the existing waste, top elevation of
the composite cap system, and the elevations of the surface water management
system. The cross sections will be taken at the same locations and using the
same scale as in the approved permit to install. Otherwise, the cross sections will
be taken at an interval no greater than every three hundred feet of length and
width.

· If the Certification Report is submitted for establishment of facility survey marks,
the following information summarizing the activities performed to construct and
establish the facility survey marks:

· An identification and description of the known control point(s) used to
establish the horizontal and vertical coordinate(s) of the facility survey
marks.

· The horizontal and vertical coordinates of the known control point(s) and
facility survey marks.
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· A summary of surveying activities performed in determining the coordinates
of the facility survey marks.

· A copy of the 7.5 minute series quadrangle sheet(s) used in establishing the
survey marks with the known control point(s) and the location of the facility
survey marks clearly identified.

· A detailed drawing(s) illustrating the design of the facility survey marks, as
constructed.

6. Qualifications of testing personnel that provided construction oversight and
conducted all the testing on the engineered components for which the Certification
Report is submitted including a description of the experience, training,
responsibilities in decision making, and other relevant qualifications.

7. A notarized statement that, to the best of the knowledge of the owner or operator,
the Certification Report is true, accurate, and contains all information required by
this rule and by the CQA plan.

2.4 FAILED TEST PROCEDURES AND ALTERATIONS

A "failed test" occurs when a test performed on an engineered component yields a result that
does not meet the specifications outlined in the applicable construction drawings or
specifications. Testing performed on an engineered component which does not meet the
specifications is not considered a failed test if the engineered component is undergoing
construction or installation at the time of testing and the testing is performed for the purpose
of gauging the effectiveness or completeness of construction.  An “alteration” or “field change”
is a change in construction materials, specifications, or CQA procedures from the project
requirements that is necessary to perform the work or meet project requirements.

2.4.1 FAILED TEST PRIOR TO CERTIFICATION REPORT SUBMITTAL

If, prior to submission of the Construction Certification Report for the engineered component,
the CQA Consultant determines that there is a "failed test," the CQA Consultant will perform all
the following:

· Retest or otherwise assess the engineered component or portion of the facility to
determine if construction is in compliance with the construction plans and
specifications or other project requirements and include the final results in the
Certification Report.

· Implement measures to attain compliance with the construction plans and
specifications or other project requirements. An area with a verified failure must be
reconstructed. Reconstructed areas must be retested at a frequency acceptable to
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the CQA Consultant and at a frequency and location(s) sufficient to demonstrate
that compliance has been achieved.

2.4.2 ALTERATION PRIOR TO SUBMITTAL OF CERTIFICATION REPORT

If, prior to submission of the Construction Certification Report the CQA Consultant and/or
Certifying Engineer determines that an alteration or field change is necessary to the
construction drawings or specifications, the CQA Consultant will do all of the following:

· Include the applicable testing results and an assessment and justification for the
necessary change(s) in an appropriate section of the Certification Report where the
change is clearly identified.

· Provide a demonstration in the Certification Report that the change(s) are at least
equivalent to the project requirements, the construction plans and specifications,
and are at least as protective to human health and the environment.

· Submit the Certification Report as required.

2.4.3 DETECTION OF THE CHANGE AFTER SUBMITTAL OF THE CERTIFICATION REPORT

If, after submission of the Construction Certification Report the CQA Consultant and/or
Certifying Engineer determines that the Certification Report is in error due to improper
documentation of an alteration or field change of the construction drawings or specifications,
the CQA Consultant will do all of the following:

· Notify the Owner as determined by the Certifying Engineer of the change within
twenty-four hours after discovery, by phone and within seven days after discovery in
writing.

· Within fourteen days of submitting the written notification required above, do
either of the following:

a. Implement the failed test procedures outlined above (2.6.1) and amend and
resubmit the Construction Certification Report to explain the circumstances and
how compliance was achieved.

b. Submit the Alteration information outlined above (Section 2.6.2).

2.5 CQA CONSULTANT DOCUMENTATION

Appropriate construction documentation forms will be approved for use by the Certifying
Engineer.

2.6 SURVEYING

Surveying of lines and grades will be conducted on an ongoing basis during construction of soil
layers, geosynthetics placement, and other engineered components. Surveying will be
performed to provide documentation for record plans, verifying quantities, and assist the
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Contractor in complying with the required grades. Surveying conducted at the site must be part
of the CQA program.

The purpose of the survey is to verify that actual thickness and grades of the construction
components are in accordance with the plans and specifications. Surveying of lines and grades
will be conducted during construction of the soil layers. Surveying will be performed to provide
documentation for record plans, verify quantities of soils and geosynthetics, and assist the
Contractor in complying with the required grades. Review of the surveys conducted at the site
will be part of the CQA program. The permanent benchmarks at the facility will be used for
survey control. Surveying will be performed under the supervision of a qualified, professional
Land Surveyor licensed in Tennessee.

Based on the control points provided by the Owner, the Contractor is to provide all temporary
and permanent benchmarks, monuments, and increments needed to control work. If during the
work, control points set by the Owner are disturbed by the Contractor, the Contractor will
replace the control points.

2.6.1 SURVEY CONTROL

The permanent benchmarks at the facility will be used for survey control. One or more
temporary benchmarks will be established for the site at a location convenient for daily tie-in.
Temporary benchmarks are to be as accurate as third order benchmarks. The vertical and
horizontal controls for this benchmark will be established within normal land surveying
standards.

All benchmarks established at the facility will comply with the following requirements:

· At least three permanent survey marks, with each located on separate sides of the
facility, will be established prior to any construction and within easy access to the
limits of solid waste.

· Survey marks will be referenced to the same horizontal (TN State Plane NAD83) and
vertical datum (National America Vertical Datum NAVD88) used on the design plans.

· Survey marks will be at least as stable as a poured concrete monument 10-inches in
diameter installed to a depth of 42-inches below the ground surface. Each
constructed survey mark will include a corrosion resistant metallic disk which
indicates horizontal and vertical coordinates of the survey mark and will contain a
magnet or ferromagnetic rod to allow identification through magnetic detection
methods.

Survey control standards for the survey marks will be in accordance with the following:

· For the first facility survey mark established from the known control point, minimum
horizontal distance accuracy will be one foot horizontal to two thousand five
hundred feet horizontal (1’ Horiz : 2500’ Horiz).
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· For each facility survey mark established from the first facility survey mark,
minimum horizontal accuracy will be one foot horizontal distance to five thousand
feet horizontal (1’ Horiz : 5000’ Horiz).

· For the first facility survey mark established from the known control point and for
each facility survey mark established from the first facility survey mark, minimum
vertical accuracy will be one inch to five thousand feet horizontal (1” Vert : 5000’
Horiz).

2.6.2 PRECISION AND ACCURACY

The survey instruments used for this work will be precise and accurate to meet the needs of the
project. Survey instruments will be capable of reading to a precision of 0.01 of a foot (3.1 mm)
and with a setting accuracy of 10 seconds.

A vertical tolerance of ±0.01 feet will apply to each of the following components as they are
constructed:

· Surface of excavation or top of structural fill

· Top of geologic buffer layer/bottom of compacted soil liner

· Top of compacted soil liner

· Top of protective cover layer

· Top of cap system subgrade/bottom of cap system

· Top of soil cover layer

· Invert of pipes

Note: These tolerances are meant to assure that the required layer thickness and design intent
can be met upon final certification. A Professional Surveyor registered in Tennessee will certify
results of the survey. Results will be included in the Certification Report provided to the Owner.

2.6.3 FREQUENCY AND SPACING

Surveying will be performed as soon as possible after completion of a given installation to
facilitate progress and avoid delaying the next installation. In addition, spot checks during
construction will be necessary to assist the Contractor in complying with the required grades.

The as-built thickness of various components of the facility (protective covers and compacted
soil liners) will be determined by non-destructive methods, i.e., comparison of the survey data
for the underlying materials with that of the component of interest. As-built survey data will be
obtained at locations having a typical on center spacing of 100-feet maximum, at all toe,
midpoint, and top of slope locations as well as grade breaks. Locations will be, to the maximum
extent possible, at the same coordinates as the survey data for the underlying materials.
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2.6.4 AS-BUILT MILESTONE SURVEYS FOR RECORD DOCUMENTATION

The Contractor’s Professional Land Surveyor shall perform surveys to record as-built lines and
grades of the work for Record Documentation. The following surfaces shall be surveyed to
determine the lines and grades achieved during construction:

Final Cover System

Milestone 1.  Cap subgrade

Milestone 2.  Geomembrane Panel Placement including anchor trench location, limits of
geosynthetic components, and destruct sample locations for the geomembrane.

Milestone 3.  Top of two foot protective/vegetative soil layer

Milestone 4. Gas collection system vents, alignment and inverts of gas Collection piping

Liner System

Milestone 1.  Liner System subgrade

Milestone 2.  Top of two foot compacted soil liner

Milestone 3. Geomembrane Panel Placement including anchor trench location, limits of
geosynthetic components, and destruct sample locations for the geomembrane

Milestone 4.  Leachate Collection System including alignment and inverts of leachate Collection
piping

Milestone 5.  Top of Protective Cover

Milestone 6.  Final Site Conditions including final topography of areas outside of the cell limits,
the alignment and elevations of underground utility relocation, alignment and inverts of
forcemain piping, valve box locations, electrical lines and components, and the alignment and
inverts of storm water structures

The Milestone Surveys will serve as CQA Hold Points for the project, to verify that the lines,
grades, and minimum thicknesses have been met for each component of landfill construction,
and also to confirm that Quality Control and Quality Assurance documentation has been
completed in accordance with this CQA Plan prior to constructing the engineered component
associated with next Milestone survey.

When required, the extent of the following components will also be surveyed to determine the
lines and grades achieved during construction:
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· Leachate collection and conveyance piping including alignment, inverts, valve
locations, and termination points.

· Surface water structure details including profiles, cross sections*, and inverts for
ditches, culverts, catch basins, swales, benches, ditches, and sedimentation basins

· Alignment and inverts of piping (both inside and outside the facility)

· As-built line and grade of all other piping structures

· Roads including profiles and cross sections with a minimum of one cross section for
every 300 linear feet of waste containment area will be surveyed.

2.6.5 SURVEYING PERSONNEL

Surveying for construction certification and record documentation purposes will be performed
under the supervision of a qualified, licensed Professional Land Surveyor registered in the state
of Tennessee. The survey crew will consist of a Senior Surveyor and as many Surveying
Assistants as required to satisfactorily undertake the work. Surveying personnel will be
experienced in the provision of these services, including detailed, accurate documentation.

2.6.6 CERTIFICATION

Survey results will be certified by a licensed Professional Land Surveyor licensed in the state
where the work is performed and submitted to the CQA Consultant for review.

2.6.7 SURVEYS BY OWNER OR ENGINEER

The Owner or Project Engineer may request additional surveys to monitor, verify, or document
the work.

2.7 SUBMITTALS

2.7.1 SUBMITTAL PROCEDURE

Submittals include shop drawings, material data, and samples. Product data submittals,
samples, and shop drawings are required to verify that the correct products will be installed on
the project. The shop drawing submittal is a drawing or set of drawings produced by the
Contractor, Supplier, Installer, Manufacturer, Subcontractor, or Fabricator typically for pre-
fabricated components or construction procedures. The product data submittal usually consists
of the manufacturer’s product information. The sample submittal is a physical portion of a
specified product, often required when several products are acceptable, to confirm the quality
and aesthetic level of the material. The size or unit of sample material usually is specified.

Four copies of all submittals will be initially submitted to the Project Engineer by the Contractor
for review. After review, one copy of the submittal will be returned to the Contractor. The
Contractor will include a letter of transmittal along with each submittal and include the
following information at a minimum.
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· Owner's Name
· Project Name
· Contract No.
· Transmittal No.
· Specification Section or Drawing Reference

Shop drawings will be submitted well in advance of the need for the material or equipment for
construction by the Contractor and with ample allowance for the time required for engineer
review and to accept delivery of material or equipment afterward in accordance with the
project schedule.

2.7.2 SUBMITTAL REVIEW

After the Project Engineer completes his review, submittals will be returned to the Contractor
indicating whether or not the materials meet the project requirements along with further
instructions.
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3.0 PREQUALIFICATION TESTING

3.1 SUMMARY

The following section discusses the specific QA/QC requirements for prequalification
conformance testing of the engineered components for the landfill facility. Any reference to a
material or product conformance standard assumes use of the most recent published version of
that standard.

3.2 PREQUALIFICATION CONFORMANCE TESTING

Prequalification testing is necessary to establish that the materials used for the engineered
components conform to the minimum specifications contained in this document for each
component. Some prequalification testing is generally necessary for any engineered component
comprised in whole or in part of aggregate, recompacted clayey soil, or geosynthetics.
Conformance testing is performed on representative materials obtained from the location of
origin and results submitted prior to arrival on site unless otherwise directed by the Project
Engineer.

For this CQA Plan, prequalification conformance testing is divided between material
characteristics testing and shear strength testing. Shear strength related testing requirements
are contained in Table 2. Material characteristics testing is contained in Tables 3 through 11 as
applicable for each engineered component. Soil and aggregate laboratory and field testing
methods are located in Table 1A and 1B. Minimum testing requirements and frequencies for
soils and aggregates are located in Table 3, and for geosynthetic clay liners, Table 4. Tables 5
through 11 contain testing requirements for geosynthetic components.

3.3 ENGINEERED COMPONENTS REQUIRING PREQUALIFICATION CONFORMANCE TESTING

Engineered components that require some measure of prequalification are noted in the
individual specifications under submittals. These materials are summarized as follows:

· Geologic Buffer
· Structural Fill
· Compacted Soil Liner
· Final Cover Protective Soil and Vegetation
· Baseliner Protective Cover Layer
· Geosynthetic Clay Liner
· Geomembrane
· Geocomoposite
· Geotextile
· HDPE Pipe
· Surface Water Structures
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3.4 SUBMITTALS

Submit the results of all required prequalification testing including interface friction testing, to
the CQA Consultant for review and verification that the reported test results meet with project
specifications at least 14 days prior to use of the material at the job site unless otherwise
directed by the CQA Consultant.
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4.0 GEOLOGIC BUFFER

4.1 GENERAL

4.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. Geologic buffer may be constructed in part or in whole similarly to
structural fill, but is designed and constructed to create a physical buffer between the disposal
facility liner system and groundwater. It is further distinguished from structural fill in that it has
a hydraulic conductivity requirement.

4.1.2 DEFINITIONS

Geologic buffer refers to a layer of fill to establish a physical buffer between groundwater and
the disposal facility liner system. This layer is of relatively low permeability, but is not designed
to act as a leachate containment layer.

4.1.3 DESCRIPTION AND DESIGN REQUIREMENTS

The geologic buffer layer serves as a physical buffer between the disposal facility liner system
and groundwater. In addition, the geologic buffer layer serves as a base layer for the
installation of the overlying engineered components (e.g. compacted soil liner or geosynthetic
clay liner).

4.1.4 SUBMITTALS

Submit the results of all required prequalification testing as required in Section 3, to the CQA
Consultant for review and verification that the reported test results meet with project
specifications at least 14 days prior to use of the material at the job site.

Please note the specified grain size requirements and USCS classifications may be changed if
the material is shown through testing to meet the minimum permeability requirements for the
geologic buffer, and if accepted by the Project Engineer.

4.2 PRODUCTS

4.2.1 MATERIAL REQUIREMENTS

Obtain soil materials for construction of the prepared subgrade layer from on-site and/or off-
site borrow sources or use in situ foundation materials as contained in the construction plans
and/or as directed by the Project Engineer. Remove excess or unsatisfactory material to
designated on-site stockpiles as directed by the Project Engineer or CQA Inspector.

Utilize material for the geologic buffer layer or in situ foundation with the following
characteristics:

· Consists of well-graded natural earth material that is not excessively dry or saturated

· Free of cobbles, stones, rock, gravel or boulders greater than 4-inches in diameter
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· Free of organic materials, debris, waste, frozen materials, vegetation, roots, and any
other deleterious materials, and any materials that could damage or puncture
overlying materials

· Meets one of the following USCS soil classifications: SC, SM, GC, CL, CH, or CL-ML

· Maximum hydraulic conductivity of 1 x 10-5 cm/sec under moisture and density
conditions consistent with the conditions in which it will be placed as determined by
laboratory testing in accordance with ASTM D5084.

Any additional requirements are contained in Table 3.

4.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the material
continues to meet the prequalification specifications contained in the Material Requirements
section above.

4.3 EXECUTION

4.3.1 PREPARATION

Over-excavate and remove all unsuitable soil located below the prepared subgrade layer or in
situ foundation elevations until a competent, stable surface at a lower elevation is reached.
Replace the material as necessary with suitable structural fill material as directed by the Project
Engineer or CQA Inspector.

4.3.2 CONSTRUCTION AND INSTALLATION

Construct the geologic buffer layer to the lines and grades shown on the construction drawings.

Prepare and process the material as necessary to achieve the required hydraulic conductivity as
applicable as determined by ASTM D5084 and compaction requirements as determined by
ASTM D698 and/or ASTM D1557 in accordance with the requirements contained in Table 3.
Please note that the compaction and moisture requirements may change to achieve the
required density and permeability due to changes in soil and field conditions.

Place the material in loose lifts compacted by a minimum of two one-way passes (up and back
over same area) of a soil compactor and as otherwise required as noted in Table 3. Overlap the
passes so the entire area where material is placed receives a minimum of two, one-way passes
of the compaction equipment.

Prior to placement of the geologic buffer, remove any unsuitable materials encountered in the
subgrade (e.g. organics, soft/loose soil, protruding cobbles and boulders, etc.) and fill the
resulting voids with structural fill or geologic buffer material appropriately compacted.

Key-in soil material into existing and/or constructed slopes with 2 horizontal to 1 vertical
minimum benches.
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Prepare the final surface to be relatively smooth such that the surface is suitable for the
overlying engineered component(s).

4.3.3 FIELD QUALITY CONTROL

Prior to placement of the overlying compacted soil liners, perform a proofroll over a
representative area of the geologic buffer layer to verify the adequacy of the subgrade soils to
support the design loads. Coordinate this activity such that it can be observed by the CQA
Inspector or Project Engineer.

Perform the proofroll with a pneumatic tired vehicle weighing a minimum of 25 tons and in
accordance with the specifications in Table 3. Proofrolling may require multiple overlapping
passes, as directed by the CQA Inspector or Project Engineer.

If excessive pumping or rutting occurs during proof-rolling as determined by the CQA
Consultant, rework the area affected by the failed proofroll, or undercut and remove the
unacceptable material and reconstruct the affected areas until it passes the proofroll.

The CQA Consultant will document that the geologic buffer construction was completed in
conformance with the construction documents prior to placement of the overlying engineered
components.

4.3.4 FIELD QUALITY ASSURANCE

Quality assurance of the placement of geologic buffer will be by in-place density testing or
proofroll in accordance with Table 3 and be performed by the CQA consultant in general
accordance with ASTM D698 or D1557.

Acceptance of the proofroll and lift thickness will be visually observed by the CQA consultant.
Total thickness of geologic buffer will be verified by as-built survey on a 100-ft maximum grid.
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5.0 COMPACTED SOIL LINER (CSL)

5.1 GENERAL

5.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. Compacted clayey soil will be used as the soil component of a
composite liner system used for the landfill liner system.

5.1.2 DEFINITIONS

Compacted soil liner (CSL) material shall be placed upon the approved, prepared subgrade
surface as part of the composite liner system for the proposed landfill.

5.1.3 DESCRIPTION AND DESIGN REQUIREMENTS

The construction of the CSL shall meet the buffer soil fill requirements for material properties,
preconstruction testing, construction and field testing.  The upper 4” of the CSL soil liner is
required to be free of rock greater than 2” in order to protect the overlying GCL. The CSL  serves
as a base layer for the installation of the overlying engineered components (e.g. geosynthetic
clay liner or geomembrane).

5.1.4 SUBMITTALS

Submit the results of all required prequalification testing as required in Section 3, including
interface friction testing, to the CQA Consultant for review and verification that the reported
test results meet with project specifications at least 14 days prior to use of the material at the
job site.

5.2 PRODUCTS

5.2.1 MATERIAL REQUIREMENTS

Obtain soil materials for construction of the CSL from on-site and/or off-site borrow sources or
use in situ foundation materials as contained in the construction plans and/or as directed by
the Project Engineer. Remove excess or unsatisfactory material to designated on-site stockpiles
as directed by the Project Engineer or CQA Inspector.

Utilize material for the CSL layer with the following characteristics:

· Consists of well-graded natural earth material that is not excessively dry or saturated

· Free of cobbles, stones, rock, gravel or boulders greater than 4-inches in diameter
except the lift that is in direct contact with geosynthetics will have a maximum
particle size of less than 2-inches

· Free of organic materials, debris, waste, frozen materials, vegetation, roots, and any
other deleterious materials, and any materials that could damage or puncture
overlying materials
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· Meets one of the following USCS soil classifications: SC, SM, GC, CL, CH, or CL-ML

· Meets a required maximum permeability of 1 x 10-6 cm/sec when placed in
combination with an overlying geosynthetic clay liner.

Any additional requirements are contained in Table 3.

5.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the material
continues to meet the prequalification specifications contained in the Material Requirements
section above.

5.3 EXECUTION

5.3.1 PREPARATION

Over-excavate and remove all unsuitable soil located below the prepared subgrade layer or in
situ foundation elevations until a competent, stable surface at a lower elevation is reached.
Replace the material as necessary with suitable structural fill material as directed by the Project
Engineer or CQA Inspector.

5.3.2 CSL CONSTRUCTION SPECIFICATIONS

Construct the compacted soil liner using the following minimum specifications unless altered by
the results of a surrogate test pad or as directed by the Project Engineer:

· Use compaction equipment manufactured for the purpose of compacting cohesive soils.
· Maximum loose lift thickness is 8 inches
· Maximum clod size of three inches or half the lift thickness, whichever is less
· Minimum soil moisture is equal to or greater than optimum moisture as determined by

standard or modified Proctor relationships (ASTM  D698  or  ASTM  D1557  as
applicable)

· Minimum soil dry density is equal to or greater than 95% of the maximum standard
proctor density or 90% of the maximum modified proctor density (ASTM D698 or ASTM
D1557 as applicable)

5.3.3 CSL PLACEMENT

Place the material in loose lifts compacted by a minimum of four passes (up and back over
same area, move over half a drum, then up and back over the same area again) of a soil
compactor and as otherwise required as noted in Table 3. Overlap the passes so the entire area
where material is placed receives the minimum number of, one-way passes of the compaction
equipment. The total number of passes required should be as determined by the test pad to
achieve the density required.
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Scarify compacted each lift prior to placement of the next lift to promote lift bonding and
prohibit equipment or truck trafficking on the soil surface between scarifying and placement of
the following lift.

Keep the work area small enough to maintain moist soil conditions, facilitate bonding, and
minimize desiccation and crusting of the lift surface. If desiccation and crusting of the lift
surface occurs before placement of the next lift, scarify the area, adjust the moisture as
necessary, compact, and retest the area before placement of a subsequent lift.

Ensure each lift is thoroughly compacted and satisfies the moisture and density requirements
through field QA testing before a subsequent lift is placed.

Transition from full-depth CSL to the beginning of an adjacent new section by benching in each
new lift as shown in the plan drawings or as directed by the CQA Inspector.

5.3.4 CSL FINAL SURFACE

Finish the surface of the CSL to prevent any abrupt changes in grade that may result in damage
to the geosynthetics and ensure the surface is smooth and free of sharp objects, roots, sticks
and other deleterious materials.

Remove any sharp stones or other hard objects in the top inch of the finished surface to be
covered with a geomembrane.

5.3.5 FIELD QUALITY ASSURANCE

Quality assurance of the placement of CSL will be by in-place density testing in accordance with
Table 3.. The locations of the individual tests must be adequately spaced to represent the
constructed area. Any penetrations will be repaired using bentonite. Lift thickness and source
verification will be visually observed and confirmed by the CQA Consultant. The CQA Inspector
will observe that the finished CSL will have adequate strength to satisfy bearing capacity and
slope stability strength requirements.

5.3.6 PROTECTION

At the end of each construction day's activities, seal completed lifts or sections of CSL by rolling
with a rubber-tired or smooth drum roller with additional moisture added as necessary. Ensure
sealed lifts remain moist and prevent desiccation by periodically applying water to the surface
as necessary. Sealed areas must be properly scarified prior to placing the next lift of material.
Protect the finished CSL from damage due to desiccation, freeze/thaw cycles, wet/dry cycles,
and the intrusion of objects during construction and operation. Completed segments of the CSL
may be protected from excessive moisture or desiccation by placing a protective cover such as
polyethylene or other materials approved by the Project Engineer.
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6.0 STRUCTURAL FILL

6.1 GENERAL

6.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. Structural fill will be used to establish base elevations in areas
where undercuts are made in the subgrade, to raise site grades, to establish the bottom of the
compacted soil liner or geologic buffer elevations, and to construct buttresses, berms and
roads.

6.1.2 DESCRIPTION/DESIGN REQUIREMENTS

Structural fill typically serves as support and as a foundation for other engineered components
or as replacement of unsuitable materials in discrete areas.

6.1.3 SUBMITTALS

Submit the results of all required prequalification testing as required in Section 3 to the CQA
Consultant for review and verification that the reported test results meet with project
specifications at least 14 days prior to use of the material at the job site.

6.2 PRODUCTS

6.2.1 MATERIALS

Obtain soil or other acceptable material for construction of the structural fill from on-site
and/or off-site borrow sources as contained in the construction plans and/or as directed by the
Project Engineer. Remove excess or unsatisfactory material to designated on-site stockpiles as
directed by the Project Engineer or CQA Inspector. Soil material removed from excavations may
be reused as fill provided it meets the prequalification requirements listed herein.

Utilize material for structural fill with the following characteristics:

· Consists of well-graded natural earth material that is not excessively dry or saturated

· Free of cobbles, stones, rock, gravel or boulders greater than 4-inches in diameter
except for the lift that is in direct contact with geosynthetics will have a maximum
particle size of less than 2-inches

· Free of organic materials, debris, waste, frozen materials, vegetation, roots, and any
other deleterious materials and any materials that could damage or puncture
overlying materials

· Meets one of the following USCS soil classifications: GP, GM, GC, SP, SM, SC, SW, CL-
ML, or CL

Additional requirements are contained in Table 3.
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6.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the material
continues to meet the prequalification specifications contained in the Material Requirements
section above.

6.3 EXECUTION

6.3.1 PREPARATION

Over-excavate and remove all unsuitable soil located below the structural fill layer or in situ
foundation elevations until a competent, stable surface at a lower elevation is reached.

6.3.2 CONSTRUCTION AND INSTALLATION

Place structural fill to the lines and grades shown on the construction drawings.

Prepare and process the material as necessary to achieve the required minimum compaction
requirements as determined by ASTM D698 and/or ASTM D1557 in accordance with the
requirements contained in Table 3. Please note that the compaction and moisture
requirements may change to achieve the required density due to changes in soil and field
conditions.

Place the material in loose lifts compacted by a minimum of four passes (up and back over
same area, move over half a drum, then up and back over the same area again) of a soil
compactor and as otherwise required as noted in Table 3. Overlap the passes so the entire area
where material is placed receives the minimum number of, one-way passes of the compaction
equipment.

Remove any unsuitable materials encountered (e.g. organics, soft/loose soil, protruding cobbles
and boulders, etc.) and fill the resulting voids with additional structural fill appropriately
compacted.

Key in the structural fill into existing and/or constructed slopes with 2 horizontal to 1 vertical
minimum benches.

Prepare the final surface to be relatively smooth such that the surface is suitable for the
overlying engineered component(s).

6.3.3 FIELD QUALITY ASSURANCE

Quality assurance of the placement of structural fill will be by in-place density testing or
proofroll in accordance with Table 3. The locations of the individual tests must be adequately
spaced to represent the constructed area.  Lift thickness and source verification will be visually
observed and confirmed by the CQA Consultant.
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7.0 FINAL COVER PROTECTIVE SOIL AND VEGETATION

7.1 GENERAL

7.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. Final cover protective soil will be used to establish final elevations
within the limits of fill, serve as an isolation barrier, and provide erosion protection for the
underlying material.

7.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

A protective cover layer component of the final cover system will be placed over the
geocomposite drainage layer. This layer serves to protect both the geocomposite drainage layer
as well as the underlying geomembrane. The layer also provides adequate soil for the
establishment of vegetation on the final cover. The upper 6-inches of the protective layer is
referred to as the vegetative cover soil and the lower 18-inches is called the protective cover
soil. The vegetative cover soil layer will be planted with vegetation to prevent erosion of the
final cover system.

The barrier cover soil will be 6-inches thick with a maximum permeability of 1 x 10-6 cm/sec.
This soil layer will be in contact with the overlying geosynthetics.

The intermediate cover soil is comprised of a 12-inch thick soil barrier and includes the 6-inch
daily cover soil layer plus an additional 6-inch soil layer.   This soil will be obtained from on-site
borrow.  Any rock material within this layer will be limited to 4” diameter in size.

7.1.3 SUBMITTALS

Submit the results of the required prequalification testing to the CQA representative as
summarized in Table 3 for approval prior to excavation and/or stockpiling of the material for
use.

7.2 PRODUCTS

7.2.1 MATERIALS

Obtain soil for placement of the final cover protective soil from on-site and/or off-site borrow
sources as contained in the construction plans and/or as directed by the Project Engineer.
Remove excess or unsatisfactory material to designated on-site stockpiles as directed by the
Project Engineer or CQA Inspector. Soil material removed from excavations may be reused as
protective soil provided it meets the prequalification requirements listed herein.

Utilize material for the final cover protective soil with the following characteristics:

· Consists of well-graded natural earth materials that are not excessively dry or
saturated unless otherwise specified by the construction specifications
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· Has sufficient fertility or can be amended to support vegetation in the top 12-inches
of material

· Has a minimum thickness of 24-inches of material

Material used for the protective cover layer must be compatible with the geocomposite
drainage layer.

Additional requirements are contained in Table 3.

Vegetation will be established on the final cover in accordance with the seeding, mulching, and
fertilization specifications provided in Section 2.14 of the Operations Manual.

7.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the material
continues to meet the prequalification specifications contained in the Material Requirements
section above.

7.3 EXECUTION

7.3.1 CONSTRUCTION AND INSTALLATION

Place the final cover protective layer to the lines and grades shown on the construction
drawings. Place the protective cover layer only after the geosynthetics layers have been
accepted in writing by the Project Engineer. Deposit and spread the protective cover soil in
uniform lifts (12 inch maximum) using low ground pressure equipment. Complete the final
cover soil protective soil layer such that it is well draining and exhibits a smooth uniform
surface free from ruts, depressions, and debris.

Seeding of the final cover may begin after the area to be covered has been properly prepared
and fertilized. Uniformly distribute seed to meet the application rate provided in the project
specifications. Perform seeding only during periods of acceptable weather conditions.

Protect seeded areas with temporary erosion control matting (ECM) as shown in the
construction drawings, or as necessary to prevent loss of seed and fertilizer. Complete all ECM
field installation in accordance with the manufacturer’s recommended installation procedures
and the construction specifications. Ensure that matting overlaps are shingled in the direction
of flow.

7.3.2 QUALITY ASSURANCE

Protective cover soil lift thickness and source verification will be visually observed and
confirmed by the CQA Consultant.  Total thickness will be verified by as-built survey on a 100-ft
maximum grid.

The initial lift of material placed over the geosynthetics will be monitored by the CQA
Consultant to assess the potential for damage to the underlying engineered components.
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The CQA Consultant will verify the seed, application method, and application rates meet the
construction specifications, and that seed has been uniformly distributed over the final cover.
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8.0 BASE LINER SYSTEM PROTECTIVE COVER LAYER

8.1 GENERAL

8.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. A protective cover layer will be placed above the geocomposite
drainage layer within the liner system.

8.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

The protective cover layer will be a total of 2 feet thick and will consist of a one foot thick layer
of sand or other approved aggregate and a 1 foot layer of soil.  The layer will provide protective
cover to the underlying geosynthetics, and will separate the geosynthetics from the above
waste material. The protective cover is designed to remain permeable to allow leachate to
reach the leachate collection system below.  To ensure permeability of the soil component, full
depth sand filled trenches will be constructed into the top 1 foot thick protective soil layer.

8.1.3 SUBMITTALS

Submit the results of the required prequalification testing to the CQA representative as
summarized in Table 3 prior to obtaining material for use.

8.2 PRODUCTS

8.2.1 MATERIALS

Obtain sand for placement of the protective cover from on-site and/or off-site borrow sources
as contained in the construction plans and/or as directed by the Project Engineer. Remove
excess or unsatisfactory material to designated on-site stockpiles as directed by the Project
Engineer or CQA Inspector.

Material used for the protective cover layer must be compatible with the geocomposite
drainage layer. The material must be free of organic materials, debris, waste, frozen materials,
vegetation, roots, and any other deleterious materials and any materials that could damage or
puncture underlying materials.

Additional requirements are contained in Table 3.

8.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the material
continues to meet the prequalification specifications contained in the Material Requirements
section above. Grain Size Distribution testing of the 1 foot sand material must be completed to
document that the material is acceptable for use.
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8.3 EXECUTION

8.3.1 CONSTRUCTION AND INSTALLATION

Place the protective cover layer to the lines and grades shown on the construction drawings.

Place the protective cover layer only after the geosynthetics layers have been accepted in
writing by the Project Engineer.

Deposit and spread the protective cover in minimum 12-inch lifts using low ground pressure
equipment.

8.3.2 QUALITY ASSURANCE

Lift thickness and source verification will be visually observed and confirmed by the CQA
Consultant.  Total thickness will be verified by as-built survey on a 100-ft maximum grid.

The initial lift of material placed over the geosynthetics will be monitored by the CQA
consultant to assess the potential for damage to the underlying engineered components.
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9.0 GEOSYNTHETIC CLAY LINER

9.1 GENERAL

9.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and installation
of this material. Geosynthetic Clay Liner (GCL) will serve as a low permeability barrier from
overlying liquids. It must be placed on a stable subgrade and may be used in conjunction with
other geosynthetics to act as a composite liner or barrier system. GCL typically has extensive
QA/QC requirements for the manufacturer, installer, and the CQA inspector.

9.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

The GCL is designed to function as a liquid barrier for leachate and is used in conjunction with
the geomembrane to form a composite liner system. GCLs are composed of a sodium bentonite
material typically sandwiched between two needle punched geotextile fabrics and have a very
low hydraulic conductivity.

9.1.3 SUBMITTALS

Submit the results of the manufacturer's quality control testing in accordance with the test
requirements outlined in Table 4 to the CQA Consultant for review and verification that the
reported test results meet with project specifications at least 14 days prior to delivery of the
liner material to the job site.

Submit the results of all required prequalification testing as required in Section 3, including
interface friction testing, to the CQA Consultant for review and verification that the reported
test results meet with project specifications at least 14 days prior to delivery of the GCL
material to the job site.

Upon delivery at the site, submit all roll identification and quality control certificates issued by
the manufacturer to the on-site CQA consultant representative. Rolls without proper
identification will be rejected.

9.1.4 QUALITY ASSURANCE

Prior to delivery of the rolls of GCL, the CQA Consultant will verify that representative samples
are removed and forwarded to a qualified testing laboratory for testing to verify conformance
with the test methods and values presented in Table 4.

9.1.5 DELIVERY STORAGE AND HANDLING

Handle the geosynthetic materials with due care and utilize handling equipment on-site that
poses minimal risk of damage to the material.
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9.2 PRODUCTS

9.2.1 MATERIALS

Utilize GCL for the disposal facility liner system that meets the requirements in Table 4.

9.2.2 SOURCE QUALITY CONTROL

Quality Control testing for the GCL will be performed by the manufacturer on the
representative samples of the proposed material to demonstrate and verify the materials meet
minimum requirements outlined in Table 4.

9.3 EXECUTION

9.3.1 CONSTRUCTION AND INSTALLATION

A daily Prepared Subgrade Acceptance form is to be signed and submitted by the installer to
the Project Engineer.

Install the GCL above a stable subgrade after receipt of approval of the subgrade from the CQA
Consultant. The GCL will be seamed per the manufacturer’s directions.

Complete all geosynthetics field installation in accordance with the manufacturer’s
recommended installation procedures and the construction specifications as outlined in this
Section and to the lines and grades shown on the construction drawings.

Record all construction details for all deployed GCL on individual forms acceptable to the
Project Engineer.

Complete the installation such that the GCL is smooth, without wrinkles, tears, or holes, and
covers the total surface of the disposal facility liner. Do not leave tools, debris, or surplus
materials on the surface.

Cover all emplaced GCL panels with the overlying geomembrane within 24 hours and before
any rainfall events or heavy dew.

9.3.2 QUALITY ASSURANCE

In addition to reviews of QC documentation, the Project Engineer or CQA Inspector will visually
inspect installed GCL for damage and conformance with the Specifications.

The CQA Inspector and Project Engineer will confirm the roll identification corresponds to
quality control certificates issued by the manufacturer.

The CQA Inspector will document observations during installation including damage, seaming
methods (including overlap), repairs, laboratory test results, and conformance to specifications.
Other items that will be noted include:
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· The method and equipment used to unroll the panels does not cause damage to the
GCL and does not damage the supporting soil

· The method used to place the panels for minimization of wrinkles

All field testing will be performed in the manner and at the frequency identified in Table 4.
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10.0 GEOMEMBRANE

10.1 GENERAL

10.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and installation
of this material. Geomembrane will serve as a low permeability barrier from overlying liquids. It
must be placed on a stable subgrade and may be used in conjunction with other geosynthetics
to act as a composite liner or barrier system. Geomembrane typically has extensive QA/QC
requirements for the manufacturer, installer, and the CQA inspector.

10.1.2 REFERENCES

GRI-GM13 - Geosynthetic Research Institute: "Test Methods, Test Properties and Testing
Frequency for High Density Polyethylene (HDPE) Smooth and Textured Geomembranes"

GRI-GM14 - Geosynthetic Research Institute: "Selecting Variable Intervals for Taking
Geomembrane Destructive Seam Samples Using the Method of Attributes"

GRI-GM17 - Geosynthetic Research Institute: “Test Properties and Testing Frequency  for Linear
Low Density Polyethylene (LLDPE) Smooth and Textured Geomembranes”

GRI-GM19 - Geosynthetic Research Institute: “Seam Strength and Related Properties of
Thermally Bonded Polyolefin Geomembranes”

10.1.3 DESCRIPTION AND DESIGN REQUIREMENTS

The geomembrane (a.k.a. Flexible Membrane Liner or FML) is designed to function as a liquid
barrier for infiltrating storm water to minimize the amount of contact water generated from
surface water. FML is a stable material and retains its strength and hydraulic conductivity
properties even after being subjected to strain from differential settling or being exposed to
leachate. HDPE and LLDPE are ideally suited for disposal facility liner and final cover systems.
For this project, LLDPE will be used in the final cover system and HDPE will be used in the liner
system.

10.1.4 SUBMITTALS

Submit the results of the manufacturer's quality control testing in accordance with the test
requirements outlined in Table 5A and 5B as applicable to the CQA Consultant for review and
verification that the reported test results meet with project specifications at least 14 days prior
to delivery of the liner material to the job site.

Submit the results of all required prequalification testing as required in Section 3, including
interface friction testing, to the CQA Consultant for review and verification that the reported
test results meet with project specifications at least 14 days prior to delivery of the
geomembrane material to the job site.
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Upon delivery at the site, submit all roll identification and quality control certificates issued by
the manufacturer to the on-site CQA consultant representative. Rolls without proper
identification will be rejected.

Submit the results of the quality control testing performed during the deployment of the
geomembrane. This will include at a minimum:

· Trial welds

· Panel placement logs

· Panel seaming logs

· Non-destructive test results

· Destructive test results

· Repair logs

Submit the Leak Location Survey Work Plan to the Project Engineer for approval prior to
commencement of the leak location survey.

10.1.5 QUALITY ASSURANCE

Prior to delivery of the rolls of geomembrane, the CQA Consultant will verify that
representative samples are removed and forwarded to a qualified testing laboratory for testing
to verify conformance with the test methods and values presented in Table 6A and 6B as
applicable.

10.1.6 DELIVERY STORAGE AND HANDLING

Handle the geosynthetic materials with due care and utilize handling equipment on-site that
poses minimal risk of damage to the material.

10.2 PRODUCTS

10.2.1 MATERIAL REQUIREMENTS

FML Barrier Liner for the Disposal Facility Liner: Utilize 60-mil textured HDPE geomembrane for
the disposal facility liner system containing no fillers or extenders. The minimum acceptable
physical, mechanical, and hydraulic properties of the HDPE-manufactured sheet are outlined in
GRI-GM17 and in Table 6A.  In the event of conflict, the properties listed in Table 6A will govern.
In particular, this project requires a 60-mil minimum thickness HDPE geomembrane.

FML Barrier Liner for the Final Cover: Utilize 40-mil textured LLDPE geomembrane for the final
cover system containing no fillers or extenders. The minimum acceptable physical, mechanical,
and hydraulic properties of the LLDPE-manufactured sheet are outlined in GRI-GM17 and in
Table 6B.

It is the responsibility of the Contractor to verify that the most current version of GRI-GM17 is
adhered to.
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10.2.2 SOURCE QUALITY CONTROL

Quality Control testing for the geomembrane will be performed by the manufacturer on the
representative samples of the proposed material to demonstrate and verify the materials meet
minimum requirements outlined in GRI-GM17.

10.3 EXECUTION

10.3.1 CONSTRUCTION AND INSTALLATION

A daily Prepared Subgrade Acceptance form is to be signed and submitted by the installer to
the Project Engineer.

Install the geomembrane above a stable subgrade after receipt of approval of the subgrade
from the CQA Consultant.

Complete all geosynthetics field installation in accordance with the manufacturer’s
recommended installation procedures and the construction specifications as outlined in this
Section and to the lines and grades shown on the construction drawings.

Ensure the method and equipment used to unroll the panels has the following characteristics:

· Does not cause scratches or crimps in the geomembrane and does not damage the
supporting soil

· Minimizes wrinkles and has adequate temporary anchors (e.g., sand bags, tires) to
prevent wind damage

For fusion seaming, a rub sheet may be required directly below each overlap of geomembrane
to be seamed in order to prevent any moisture build-up between the sheets.

For extrusion seaming, geomembrane is to be cleaned using a disc grinder or equivalent prior to
seaming.

Record all construction details for all deployed geomembrane on individual forms acceptable to
the Project Engineer. This includes at a minimum:

· Panel placement logs

· Panel seaming logs

· Repair logs

· Non-destructive and destructive test result logs
Prepare panel layout drawings (field sketches) of the deployed and tested geomembrane for
review by the Project Engineer.

Complete the installation such that the geomembrane is smooth, without wrinkles, tears, or
holes, and covers the total surface of the disposal facility liner and/or cap system. Do not leave
tools, debris, or surplus materials on the surface.
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Trial Welds

Verify seaming conditions and techniques are adequate by performing daily trial welds on
representative pieces of geomembrane in accordance with the following procedures for all
combinations of seamer and seaming equipment:

· Perform trial welds once in the morning and once in the afternoon, when
operator/machine combinations change, and when an apparatus is turned off and
restarted

· Perform additional trial welds when the liner temperature changes by 36°F or more
since the previous trial weld was performed

A passing trial seam must be made at the frequency noted above for each seaming device and
technician prior to performing production seaming.

Seam Geometry

Seam in accordance with the following specifications:

· Orient seams parallel to the line of maximum slope, i.e., oriented along, not across,
the slope

· Minimize the number of seams in corners and odd-shaped geometric locations

· Where horizontal seams are necessary and acceptable to the Project Engineer or
CQA Inspector, stagger seams a minimum distance of 10-feet between adjacent
seams

· Do not allow horizontal seams to be within 5-feet of the toe of slopes or areas of
potential stress concentration unless otherwise approved by the Project Engineer

Ambient Temperatures and Weather Considerations

Do not deploy geomembrane during any precipitation, fog, snow, in areas of ponded water, or
in the presence of excessive winds.

Measure sheet temperature prior to seaming by placing a thermometer on the surface of the
sheet.

Do not perform seaming where measured surface temperatures are below 32°F or above 104°F
for extrusion welding and 140°F for fusion welding. Deviations from these temperature criteria
may only occur when authorized by the Owner and with the concurrence of the Project
Engineer.

10.3.2 FIELD QUALITY CONTROL

During deployment and seaming of the geomembrane, perform the following quality control
tests and record the results for review and concurrence by the Project Engineer:

· Trial welds
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· Non-destructive test results

· Destructive test results

· Repair logs
Perform non-destructive testing on 100 percent of field seams over their full length using a
vacuum test unit (for extrusion seams only), air pressure test, or other acceptable method in
accordance with industry accepted standards and in accordance with manufacturer's
recommendations.

Complete non-destructive testing of the seams as the seaming work progresses and any
required repairs in accordance with industry standards and in accordance with manufacturer's
recommendations.

Ensure all field testing equipment is calibrated in accordance with Table 12.

Air Channel Testing

Unless otherwise specified, air pressure testing of the seamed channel will include inflating the
test channel, closing the valve, and observing initial pressure after approximate air temperature
and pressure have stabilized. The initial pressure will be set appropriately as indicated in Tables
7A and 7B, and the test will last for 5 minutes after reading the initial test pressure. If pressure
loss exceeds the allowable specification in the Tables 7A and 7B or if the pressure does not
stabilize, locate the faulty area and repair as needed. Flap welding is not an acceptable repair
for a failing air channel test. For passing tests, at the end of the 5-minute period, cut the far end
of the seam and note the resultant pressure drop.

Vacuum Box Testing

Unless otherwise specified, vacuum testing will be required on all extrusion welded seams. To
vacuum test, turn on the vacuum pump to reduce the vacuum box to approximately 5 psi. They
will apply liquid soap and water solution to the area to be tested, place the vacuum box over
the area to be tested and apply sufficient downward pressure to "seat" the seal strip against
the liner. Once a tight seal is created, observe the seam through the window for a period of not
less than 10 seconds. If no bubbles appear after 10 seconds, proceed to the next segment of
seam to be tested. Mark and repair areas failing the test with a cap strip or other acceptable
method.

10.3.3 FIELD QUALITY ASSURANCE

The CQA Inspector and Project Engineer will confirm the roll identification corresponds to
quality control certificates issued by the manufacturer.

The CQA Inspector will document observations during installation including damage, seaming
logs, repair logs, test results, and conformance to specifications. Other items that will be noted
include:
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· The method and equipment used to unroll the panels does not cause scratches or
crimps in the geomembrane and does not damage the supporting soil

· The method used to place the panels for minimization of wrinkles and temporary
loading utilized to prevent wind damage

All field testing will be performed in the manner and at the frequency identified in Tables 7A
and 7B.

Destructive Testing

Unless an alternative frequency is indicated, the CQA Consultant will choose locations for
cutting samples by the Contractor for all destructive seam tests at a frequency no less than one
per every 500-feet of seam completed by a particular seamer/apparatus combination.

Cut the samples as the seaming progresses in order to have passing test results before the
geomembrane is covered by the overlying materials. The CQA Consultant will:

· Assign a number to each sample, and mark it accordingly

· Observe sample cutting

· Record the sample location on the layout drawing

· Record the reason for taking the sample at this location, if not taken due to
statistical routine

· Observe and record all test results
The sample will be divided into three specimens: one for field testing by the Contractor, one for
independent laboratory peel and shear testing, and one to the Owner for archive storage.

Test the field specimen with a properly calibrated tensiometer for peel and shear and verify it
meets the minimum requirements presented in Table 7A and 7B. If any field test sample fails to
meet the minimum requirements, the CQA consultant will determine locations for additional
destruct samples for testing a minimum of 10-feet on either side of the failed test location
continually bounding the failing test(s) until two bounding, passing tests are recorded. Repair
the interval between the passing test locations with a cap strip and test via vacuum box.

If the result is passing, then the CQA Consultant will transport an additional specimen for
laboratory testing. Peel and shear destructive seam sample testing will be performed with a
calibrated tensiometer. At least five specimens will be tested. If a sample fails laboratory
testing, then additional samples will be collected in the field similar to the field testing
procedures.

Repair all holes in the geomembrane resulting from destructive seam sampling immediately.

Alternative Destructive Testing Sampling Frequency
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As the project continues and data is accumulated, the sampling interval may be varied
according to the procedure set forth in GRI GM14. Following this procedure will result in three
possible situations:

· Good seaming with fewer rejected test results than the preset historic average can
result in a sequential increase in the spacing interval, i.e., one per greater than 500-
feet.

· Poor seaming with more rejected test results than the preset historic average can
result in a sequential decrease in the spacing interval, i.e., one per less than 500-
feet.

· Average seaming with approximately the same test results as the preset historic
average will result in the spacing interval remaining the same, i.e., one per 500-feet.

Alternative frequency testing will be implemented at the discretion of the Project Engineer.
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11.0 GEOCOMPOSITE

11.1 GENERAL

11.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and installation
of this material. Geocomposite will serve as a collection and transport layer of infiltrating
liquids such as storm water or leachate in the final cover system and leachate collection system,
respectively. Geocomposite typically has several QA/QC requirements for the manufacturer,
installer, and the CQA inspector.

11.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

The geocomposite is designed to collect and convey storm water that has infiltrated through
the final cover system or entered through the waste material and is retained above the FML
barrier layer. For the cover system, water that has infiltrated the cap system will be directed to
drainage pipes that will convey the collected water to surface water channels. The
geocomposite must be designed and perform adequately to prevent the water level on the
geomembrane from building up and potentially causing a slope failure.

For the leachate collection system geocomposite, water collected will be conveyed to leachate
collection pipes and to a leachate collection sump where the leachate will be pumped out of
the disposal facility cell and sent for treatment. The geocomposite must be designed and
perform adequately to minimize the head on the liner system.

11.1.3 SUBMITTALS

Submit the results of the manufacturer's quality control testing in accordance with the test
requirements outlined in Table 8 to the CQA Consultant for review and verification that the
reported test results meet with project specifications at least 14 days prior to delivery of the
geocomposite material to the job site.

Submit the results of all required prequalification testing as required in Section 3, including
interface friction testing, to the CQA Consultant for review and verification that the reported
test results meet with project specifications at least 14 days prior to delivery of the
geocomposite material to the job site.

Upon delivery at the site, submit all roll identification and quality control certificates issued by
the manufacturer to the on-site CQA Consultant. Rolls without proper identification will be
rejected.

11.1.4 QUALITY ASSURANCE

Prior to delivery of the rolls of geocomposite, the CQA Consultant will verify that representative
samples are removed and forwarded to a qualified testing laboratory for testing to verify
conformance with the test methods and values presented in Table 9.
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11.1.5 DELIVERY STORAGE AND HANDLING

Handle the geosynthetic materials with due care and utilize handling equipment on-site that
poses minimal risk of damage to the material.

11.2 PRODUCTS

11.2.1 MATERIAL REQUIREMENTS

Geocomposite for the Final Cover:  Utilize a geocomposite for the final cover system that meets
the minimum transmissivity requirements contained in Table 9 and has the following
properties:

· Has a minimum thickness of 250 mils or as required to meet the required minimum
transmissivity

· Consists of a geonet with geotextile layers factory heat-bonded to both sides
Geocomposite for the leachate collection system:  Utilize a geocomposite for the leachate
collection system with that meets the minimum transmissivity requirements contained in
Table 9 and has the following properties:

· Has a minimum thickness of 250 mils or as required to meet the required minimum
transmissivity.

· Consists of a geonet with geotextile layers factory heat-bonded to both sides

Additional minimum acceptable physical, mechanical, and hydraulic properties for the
geocomposite-manufactured sheet are contained in Table 9.

11.2.2 SOURCE QUALITY CONTROL

Quality Control testing for the geocomposite will be performed by the manufacturer on the
representative samples of the proposed material to demonstrate and verify the materials meet
minimum requirements outlined in Table 8.

11.3 EXECUTION

11.3.1 CONSTRUCTION AND INSTALLATION

Install the geocomposite above geomembrane after receipt of approval from the CQA
Consultant ensuring the geomembrane repair documentation is complete.

Complete all geosynthetics field installation in accordance with the manufacturer’s
recommended installation procedures and the construction specifications as outlined in this
Section and to the lines and grades shown on the construction drawings.

Secure or seam each component of the geocomposite (geotextile and geonet) to the like
component at seams and overlaps.
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Overlap adjacent edges of geonet along the length of the geocomposite a minimum of 2-inches.
Join these overlaps by tying the geonet cores together with fasteners or polymeric braid. Space
these ties every 5-feet along the roll length to form a complete interlocking of the layers.

Shingle adjoining geocomposite rolls (end to end) along the roll width down in the direction of
the slope, with the geonet portion of the top geocomposite overlapping the geonet portion of
the bottom geocomposite a minimum of 12-inches across the roll width. Secure the geonet
with ties every 12-inches across the roll width and every 6-inches in the anchor trench.

Overlap the bottom layer geotextile. Join the top layer of geotextile by heat bonding or sewing.
Overlap the geotextiles a minimum of 4-inches prior to heat bonding or sewing. If heat bonding
is to be used, care must be taken to avoid burn through of the geotextile. If sewing of geotextile
seams is to be used, a flat (prayer) seam, “J” seam, or “butterfly-folded” seam is recommended,
and ensure the seam is a two-thread, double-lock stitch, or a double row of single-thread, chain
stitch.

Complete the installation such that the geocomposite is smooth, without wrinkles, tears, or
holes, and covers the total surface of the disposal facility liner and/or cap system. Do not leave
tools, debris, or surplus materials on the surface.

11.3.2 FIELD QUALITY ASSURANCE

Seams for the geocomposite will be 100% visually inspected, including inspection of the geonet
seams, inspection of the lower geotextile overlaps, and inspection of the upper geotextile
sewing or heat seaming. Inspection reports will be reviewed by the Project Engineer.
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12.0 GEOTEXTILE

12.1 GENERAL

12.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and installation
of this material. Geotextile will serve as a permeable, separative, and protective fabric layer
between soil, aggregate, geosynthetic, and waste materials. Geotextiles typically have several
QA/QC requirements for the manufacturer, installer, and the CQA inspector.

12.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

The geotextile is designed to separate dissimilar subsurface elements without retarding
drainage through the materials. Geotextile will be used to wrap the aggregate surrounding the
leachate collection pipes to prevent the infiltration of fines into the gravel pack. Geotextile may
also be employed between subgrade soils and rip rap armoring and other potential uses as may
be illustrated in the Engineering Plans.

12.1.3 SUBMITTALS

Submit the results of the manufacturer's quality control testing in accordance with the test
requirements outlined in Table 10 to the CQA Consultant for review and verification that the
reported test results meet with project specifications at least 14 days prior to delivery of the
geotextile material to the job site.

Submit the results of all required prequalification testing as required in Section 3, to the CQA
Consultant for review and verification that the reported test results meet with project
specifications at least 14 days prior to delivery of the geotextile material to the job site.

Upon delivery at the site, submit all roll identification and quality control certificates issued by
the manufacturer to the on-site CQA consultant representative. Rolls without proper
identification will be rejected.

12.1.4 QUALITY ASSURANCE

Prior to delivery of the rolls of geotextile, the CQA Consultant will verify that representative
samples are removed and forwarded to a qualified testing laboratory for testing to verify
conformance with the test methods and values presented in Table 11 as applicable.

12.1.5 DELIVERY STORAGE AND HANDLING

Handle the geotextile materials with due care and utilize handling equipment on-site that poses
minimal risk of damage to the material.
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12.2 PRODUCTS

12.2.1 MATERIAL REQUIREMENTS

Geotextile for Leachate Collection System:  Utilize geotextile fabric for the leachate collection
system that meets the minimum material properties outlined in Table 11.

12.2.2 SOURCE QUALITY CONTROL

Quality Control testing for the geotextile will be performed by the manufacturer on the
representative samples of the proposed material to demonstrate and verify the materials meet
minimum requirements outlined in Table 10.

12.3 EXECUTION

12.3.1 CONSTRUCTION AND INSTALLATION

A daily Prepared Subgrade Acceptance form is to be signed and submitted by the installer to
the Project Engineer.

Complete all geosynthetics field installation in accordance with the manufacturer’s
recommended installation procedures and the construction specifications as outlined in this
Section and to the lines and grades shown on the construction drawings.

Complete the installation such that the geotextile is smooth, without wrinkles, tears, or holes.
Do not leave tools, debris, or surplus materials on the surface. Installation will be performed in
such a manner as to minimize damage and will comply with the following:

· After the wrapping has been removed, a geotextile will not be exposed to sunlight
for more than the time specified by the manufacturer.

· On slopes, the geotextiles will be securely anchored and then rolled down the slope
in such a manner as to continually keep the geotextile panel in tension.

· In the presence of wind, geotextiles will be weighted with sandbags or the
equivalent. Sandbags will be installed during the placement and will remain until
replaced with the appropriate overlying material.

· Sandbags will be filled with the fine-grained material and must be handled with care
to prevent rupture.

· Geotextiles will be kept continually under tension to minimize the presence of
wrinkles in the geotextile.

· Geotextiles will be cut using an approved geotextile cutter only (i.e., an upward
cutting hook blade). If in place, special care must be taken to protect other materials
from damage which could be caused by the cutting of the geotextiles.

· Precaution will be taken to prevent damage to the underlying layers during
placement of the geotextile.
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· During placement of geotextiles, care will be taken not to entrap stones, excessive
dust, or moisture that could damage the geotextile, generate clogging of drains or
filters, or hamper subsequent seaming.

· After installation, the entire surface of the geotextile will be examined, and harmful
foreign objects, such as needles, will be removed.

Seams and Overlaps

Geotextiles will be continuously sewn using thread, which is as chemically resistant and UV
resistant as the geotextile. Thread will be approved by the CQA Consultant and Owner.
Alternately, geotextile may be joined by heat bonding. Spot sewing is not permitted, except for
repairs. Geotextiles will be overlapped a minimum of 4-inches prior to seaming or heat
bonding. If sewing of geotextile seams is to be used, a flat (prayer) seam, “J” seam, or
“butterfly-folded” seam is recommended, and ensure the seam is a two-thread, double-lock
stitch, or a double row of single-thread, chain stitch.

Horizontal seams on side slopes should be avoided. However, if horizontal seams are necessary,
at least 100-feet will be maintained between horizontal seams of adjacent panels.

Complete the installation such that the geotextile is smooth, without wrinkles, tears, or holes.
Do not leave tools, debris, or surplus materials on the surface.

Repairs

Any holes or tears in the geotextile will be repaired as follows:

· Holes in the geotextile will be patched with geotextile of the same unit weight;

· Sufficient overlap will be provided to ensure a suitable seam can be produced, that
will not come apart and, when used as a filter, will contain soil; and

· Patches will be sewn and not heat bonded without the approval of the Project
Manager.

Care will be taken to remove any soil or other material which may have penetrated the torn
geotextile.

Placement of Materials on Geotextiles

Material will be placed on the geotextile in a manner that causes no damage to the geotextile
or supporting materials. Low ground-pressure equipment will be used to place the overlying
material. The equipment will be operated on the full depth of the layer. Equipment used for
placing the overlying material will not be driven directly on the geotextile.

12.3.2 FIELD QUALITY ASSURANCE

In addition to reviews of QC documentation, the Project Engineer or CQA Inspector will visually
inspect installed geotextile for damage and conformance with the Specifications.
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The CQA Inspector and Project Engineer will confirm the roll identification corresponds to
quality control certificates issued by the manufacturer.

The CQA Inspector will document observations during installation including damage, seaming
logs, repair logs, test results, and conformance to specifications.
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13.0 HPDE COLLECTION/CONVEYANCE PIPE

13.1 GENERAL

13.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the testing and
construction of this material. HDPE pipe and associated fittings will be used to construct the
leachate and surface water management systems.

13.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

HDPE is a thermoplastic piping material that is suitable for both gravity and pressure
applications.

13.1.3 SUBMITTALS

Submit the results of the manufacturer’s quality control testing to the CQA Consultant for
review and verification that the reported test results meet with project specifications at least
14 days prior to delivery of the HDPE pipe and appurtenances to the job site for each batch/lot
of pipe.

Submit the results of all required prequalification testing as required in Section 3, to the CQA
Consultant for review and verification that the reported test results meet with project
specifications at least 14 days prior to delivery of the piping to the job site.

Submit the results of the required prequalification testing to the CQA representative as
summarized in Table 3 for approval prior to obtaining pipe annulus aggregate material for use.

13.1.4 DELIVERY STORAGE AND HANDLING

Handle the HDPE pipe and fittings with due care and utilize handling equipment on-site that
poses minimal risk of damage to the material.

13.2 PRODUCTS

13.2.1 MATERIAL REQUIREMENTS

HDPE piping will consist of Standard Dimension Ratio (SDR) pipe, as specified in the project
specifications. HDPE pipe fittings will be furnished by the manufacturer of the pipe with which
they are used and will conform to the requirements of ASTM D3261 for standard fittings.

Pipe joints will be fusion welded, using only manufacturer-approved methods and equipment,
unless noted otherwise in the construction drawings.

Pipe annulus aggregate requirements are contained in Table 3.
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13.2.2 SOURCE QUALITY CONTROL

Quality Control testing for the HDPE pipe will be performed by the manufacturer on the
representative samples of the proposed material to demonstrate and verify the materials meet
the project specifications.

The CQA Inspector and Project Engineer will confirm the pipe batch/lot identification
corresponds to quality control certificates issued by the manufacturer.

13.3 EXECUTION

13.3.1 CONSTRUCTION AND INSTALLATION

Complete all HDPE pipe installation in accordance with the manufacturer’s recommended
installation procedures and the construction specifications as outlined in this Section and to the
lines and grades shown on the construction drawings.

Leachate Collection Pipe

Leachate collection piping will be perforated as detailed in the construction drawings. The
leachate collection piping will be placed at locations shown; bedded in, and surrounded by a
pipe annulus aggregate; and then wrapped with a non-woven geotextile. Non-perforated piping
will be pressure tested prior to certification by the CQA Consultant

Fusion Process for Joints

Pipe joints will be fusion welded, using only manufacturer-approved methods and equipment,
and in conformance with the procedures outlined below, unless otherwise specified.

· Delivered pipes and fittings will be examined to verify that pipes and fittings are not
broken, cracked, or contain otherwise damaged or unsatisfactory material. Prior to
fusing, verify that the fusion surface area is clean and free of moisture, dust, dirt,
debris of any kind, and foreign material.

· Fusion of the HDPE joints will be performed at temperatures above 32°F, unless
otherwise authorized in writing by the Project Engineer.

Pressure Testing of Joints

The joints of non-perforated HDPE pipes will be tested using hydrostatic methods. Other non-
destructive test methods may be used only when approved by the Owner. Test pipe in-place
after installation and prior to backfilling.

Pipe and fused joint leaks identified during testing will be repaired by cutting out the leaking
area and refusing the pipe. After all leaks are repaired, a retest will be performed.
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The completed system when tested should be in its proper trench location and allowed time to
reach constant and/or ambient temperature before initiating the test.

13.3.2 FIELD QUALITY ASSURANCE

During installation of the HDPE pipe, perform the following quality control tests and record the
results for review and concurrence by the Project Engineer:

· Non-destructive pressure test results

· Pipe repair logs

The CQA Inspector will document observations during installation including damage, repair
logs, test results, and conformance to specifications. The method and equipment used to fuse
pipe joints and conduct pressure testing will also be noted.

The CQA Inspector will document the results of pressure testing. Additionally, should a failed
test occur, the CQA inspector will document the nature of leaks discovered and the details of
their repair.
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14.0 SURFACE WATER CONTROLS STRUCTURES

14.1 GENERAL

14.1.1 SUMMARY

The following section discusses the specific QA/QC requirements for the construction of surface
water control structures. Surface water control structures will be constructed to manage
surface water runoff from the disposal facility.

14.1.2 DESCRIPTION AND DESIGN REQUIREMENTS

Surface water control structures include channels, benches, ditches, letdowns, culverts, and
catch basins. These structures are designed to manage surface water at the site. Precast
concrete surface water control structures may also be designed to meet specified traffic loading
requirements.

14.1.3 SUBMITTALS

Submit the results of the manufacturer’s quality control testing to the CQA Consultant for
review and verification that the reported test results meet with project specifications at least
14 days prior to delivery of the erosion control matting/turf control matting (ECM/TCM) and
culvert pipe to the job site.

Submit the results of the required prequalification testing for riprap material to the CQA
representative as summarized in Table 3 prior to obtaining riprap material for use.

Submit shop drawings and/or manufacturer’s certification demonstrating the ability of precast
concrete surface water control structures to meet traffic loading requirements as required by
the project specifications or construction drawings.

14.1.4 DELIVERY STORAGE AND HANDLING

Handle the ECM/TCM, precast concrete structures, and culvert pipe with due care and utilize
handling equipment on-site that poses minimal risk of damage to the material.

14.2 PRODUCTS

14.2.1 MATERIAL REQUIREMENTS

Riprap materials will conform to the requirements of Section 709.03 of the TDOT “Standard
Specifications for Road and Bridge Construction” for the riprap material classification specified
in the project specifications or construction drawings.

14.2.2 SOURCE QUALITY CONTROL

Perform additional field or laboratory tests as often as is necessary to document the riprap
material continues to meet the prequalification specifications contained in the Material
Requirements section above.
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14.3 EXECUTION

14.3.1 CONSTRUCTION AND INSTALLATION

Excavate channels to the lines and grades shown on the construction drawings. Install
ECM/TCM in accordance with the manufacturer’s recommended installation procedures and
the construction specifications.

14.3.2 FIELD QUALITY ASSURANCE

In addition to reviews of QC documentation, the Project Engineer or CQA Inspector will visually
inspect installed surface water control structures for damage and conformance with the
Specifications.

The Project Engineer of CQA Inspection will verify that proper burial depth and slope is
maintained on pipe installed as part of the surface water control structures.
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Table 1A. Laboratory Test Methods for the Evaluation of Soil and Aggregate

COMMON TEST NAME PARAMETER DEFINED STANDARD METHOD
Soil Classification Unified Soil Classification System ASTM D2487
Sieve and Hydrometer
Analysis

Particle Size Distribution of Coarse and
Fine Grained Soils

ASTM D6913/ASTM
D7928

Sieve Analysis for
Aggregates Particle Size Distribution for Aggregates ASTM D6913

Gradation Analysis Particle Size Distribution for Riprap ASTM D5519
Atterberg Limits Liquid and Plastic Limits, Plasticity Index ASTM D4318

Standard Proctor
Moisture/Density Relationship Using 5.5
lb (2.46 kg) Rammer and 12 in. (305 mm)
Drop

ASTM D698

Modified Proctor
Moisture/Density Relationship Using 10
lb (4.54 kg) Rammer and 18 in. (457.2
mm) Drop

ASTM D1557

Moisture Content Water to Dry Weight Ratio ASTM D2216
Permeability:  Flex Wall
Permeameter

Permeability (Hydraulic Conductivity) on
Undisturbed or Remolded Samples of Soil ASTM D5084

Permeability: Constant
Head

Permeability (Hydraulic Conductivity) of
Aggregates ASTM D5084

Carbonate Content Carbonate Content of Aggregate ASTM D3042
Notes:
1) Not all tests are required for this site; refer to Tables 3 and 4 in the CQA Plan.
2) Latest version of the applicable ASTM International or USDA testing standards will be used

when conducting tests.
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Table 1B. Field Test Methods for the Evaluation of Soil and Aggregate

COMMON TEST NAME PARAMETER DEFINED STANDARD METHOD

Visual Classification Maximum Particle Size, General Material
Characteristics ASTM D2488

USDA Classification Classification of Ability to Support
Vegetation USDA Method

Nuclear Methods In-Place Density and Moisture Content ASTM D6938

Moisture Content In-Place Moisture as Check on Nuclear
Densometer Measurements ASTM D2216

Sand Cone Density
In-Place Density as Check on Nuclear
Densometer Measurements ASTM D1556

Drive Tube Sample In-Place Density as Check on Nuclear
Densometer Measurements ASTM D2937

Lift Depth Check Thickness of Placed Soils or Aggregates Visual Confirmation
Notes:
1) Not all tests are required for this site; refer to Tables 3 and 4 in the CQA Plan.
2) Latest version of the applicable ASTM International or USDA testing standards will be
used when conducting tests.
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Table 2. Minimum Requirements and Test Frequencies for Shear Strength Prequalification

Item/Interface Description Material Preparation Required Tests Material Selection Frequency Specification (1), (2) Calculation
Basis Certification

Baseliner Floor System (slopes <10%)
Peak Secant Angle

(degrees)
Normal

Stress (psf)
Peak Shear
Stress (psf)

Compacted Soil Liner/
Geosynthetic Clay Liner Soil is to be compacted to highest moisture and

lowest density expected during construction.
All geosynthetics interfaces to be oriented same
side to same side as in the field.  GCL to be
hydrated under light confining pressure prior to
testing.

Interface Shear
Strength ASTM D5321
over range of normal
stresses anticipated

Representative samples
of geosynthetics and
specific soils/aggregates
to be used in
construction

Twice prior to initial use.
Thereafter, once for each
construction event using
the worst case interface
from baseline testing

22.6

2,000 833

Deep seated
translational
failure analysis

Results compared to
CQA Plan Fig 1 and
approved as having
met minimum
interface strength
requirements

Geosynthetic Clay
Liner/Textured HDPE 5,000 2,082

Textured HDPE/
Geocomposite 10,000 4,163

Geocomposite/
Protective Cover Layer 17,500 7,284

Residual Secant
Angle (degrees)

Normal
Stress (psf)

Residual
Shear Stress

(psf)
Compacted Soil Liner /
Geosynthetic Clay Liner Soil is to be compacted to highest moisture and

lowest density expected during construction.
All geosynthetics interfaces to be oriented same
side to same side as in the field.  GCL to be
hydrated under light confining pressure prior to
testing.

Interface Shear
Strength ASTM D5321
over range of normal
stresses anticipated

Representative samples
of geosynthetics and
specific soils/aggregates
to be used in
construction

Twice prior to initial use.
Thereafter, once for each
construction event using
the worst case interface
from baseline testing

6.3

2,000 221

Deep seated
translational
failure analysis

Results compared to
CQA Plan Fig 1 and
approved as having
met minimum
interface strength
requirements

Geosynthetic Clay
Liner/Textured HDPE

5,000 552

Textured HDPE/
Geocomposite

10,000
1,104

Geocomposite/
Protective Cover Layer

16,500 1,822

Baseliner Floor System (10% ≤ slopes ≤33%)
Residual Secant
Angle (degrees)

Normal
Stress (psf)

Residual
Shear Stress

(psf)
Compacted Soil Liner /
Geosynthetic Clay Liner Soil is to be compacted to highest moisture and

lowest density expected during construction.
All geosynthetics interfaces to be oriented same
side to same side as in the field.  GCL to be
hydrated under light confining pressure prior to
testing.

Interface Shear
Strength ASTM D5321
over range of normal
stresses anticipated

Representative samples
of geosynthetics and
specific soils/aggregates
to be used in
construction

Twice prior to initial use.
Thereafter, once for each
construction event using
the worst case interface
from baseline testing

22.5 250 104

Deep seated
translational
failure analysis
(Permit Part
F.4, Table 4, Fig
A.1)

Results compared to
CQA Plan Fig 1 and
approved as having
met minimum
interface strength
requirements

Geosynthetic Clay
Liner/Textured HDPE

Textured HDPE/
Geocomposite
Geocomposite/

Protective Cover Layer
Residual Secant
Angle (degrees)

Normal
Stress (psf)

Residual
Shear Stress

(psf)
Compacted Soil Liner /
Geosynthetic Clay Liner

Soil is to be compacted to highest moisture and
lowest density expected during construction.
All geosynthetics interfaces to be oriented same
side to same side as in the field.  GCL to be
hydrated under light confining pressure prior to
testing.

Interface Shear
Strength ASTM D5321
over range of normal
stresses anticipated

Representative samples
of geosynthetics and
specific soils/aggregates
to be used in
construction

Twice prior to initial use.
Thereafter, once for each
construction event using
the worst case interface
from baseline testing 19.9 250 90

Deep seated
translational
failure analysis
(Permit Part
F.4, Table 4, Fig
A.1)

Results compared to
CQA Plan Fig 2 and
approved as having
met minimum
interface strength
requirements

Geosynthetic Clay
Liner/Textured HDPE
Geosynthetic Clay
Liner/Textured HDPE
Textured HDPE/
Geocomposite
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Table 2. Minimum Requirements and Test Frequencies for Shear Strength Prequalification (Continued)
Item/Interface Description Material Preparation Required Tests Material Selection Frequency Specification(1), (2) Basis For Test Certification

Final Cover System
Peak Secant Angle

(degrees)
Normal

Stress (psf)
Peak Shear
Stress (psf)

Protective Cover Soil/
Gecomposite Drainage Soil is to be compacted to highest moisture

and lowest density expected during
construction.  All geosynthetics interfaces
to be oriented same side to same side as in
the field.

Interface Shear
Strength ASTM
D5321 at normal
force equiv. to final
cover load.

Representative
samples of
geosynthetics and
specific
soils/aggregates to be
used in construction

Twice prior to initial
use.  Thereafter, once
for each construction
event using the worst
case interface from
baseline testing

25.8 230 111

Veneer
translational
failure
analysis of
final cover
slopes

Results evaluated and
approved as having met
applicable
specifications
established by the slope
stability analysis

Gecomposite Drainage/
Geomembrane Liner
Geomembrane Liner/

Intermediate Soil Cover
Residual Secant
Angle (degrees)

Normal
Stress (psf)

Residual
Shear Stress

(psf)
Protective Cover Soil/
Gecomposite Drainage Soil is to be compacted to highest moisture

and lowest density expected during
construction.  All geosynthetics interfaces
to be oriented same side to same side as in
the field.

Interface Shear
Strength ASTM
D5321 at normal
force equiv. to final
cover load.

Representative
samples of
geosynthetics and
specific
soils/aggregates to be
used in construction

Twice prior to initial
use.  Thereafter, once
for each construction
event using the worst
case interface from
baseline testing

21 230 88

Veneer
translational
failure
analysis of
final cover
slopes

Results evaluated and
approved as having met
applicable
specifications
established by the slope
stability analysis

Gecomposite Drainage/
Geomembrane Liner
Geomembrane Liner/

Intermediate Soil Cover
(1) In situations where a conformance test results falls below the specified minimum, review Figures 1 through 3 following these tables that depict acceptable combinations f and c where c is greater than 0 for each loading scenario.  In addition,

the particular slope stability calculation can be repeated to determine if additional non-linear analyses and/or reasonable changes in assumptions show the material to be acceptable.
(2) Minimum peak shear strengths are provided in both friction angle and shear stress at specified normal loads.  Shear stress (t) is calculated using the equation t = c + stanf where c = cohesion or adhesion and s = normal force.  Exceeding

either the required friction angle with cohesion/adhesion =  0 or the minimum shear stress at the required normal loads is acceptable.
(3) The strength of these materials has been conservatively assumed in the slope stability analysis.  These materials should be tested once prior to initial construction to verify the minimum assumed strength parameters are exceeded.

Subsequent construction projects should have a geotechnical engineer verify the material characteristics are similar to those tested and verified as passing results.  If different materials or a different borrow source are utilized, additional
testing should be considered.

(4)  The  GCL  shall  be  formulated  and  manufactured  by  placing  bentonite  between  a  scrim-
nonwoven  carrier  geotextile  and  a  nonwoven  cap  geotextile  which  are  needle  punched  together  to  provide  internal  shear  reinforcement.    The  carrier
       geotextile shall be placed in contact with the compacted soil liner during construction and interface testing.
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Table 2. Minimum Requirements and Test Frequencies for Shear Strength Prequalification (Continued)

Item/Interface Description Material Preparation Required Tests Material Selection Frequency Specification(1), (2) Basis For Test Certification
Compacted Soil Liner

Peak Friction Angle
(degrees)/
Cohesion

Normal
Stress (psf)

Peak Shear
Stress (psf)

Compacted Soil Liner (3)

Soil at highest moisture and lowest density
expected during construction

Consolidated-
Undrained Triaxial
Compression Test
(ASTM D4767)

(1) Representative
sample of soil to be
used in construction

Whenever there is a
change in material 27 / 0

2,000 1,019
Deep seated
translational
failure
analysis of
interim waste
slopes

Results evaluated and
approved as having met
applicable
specifications
established by the slope
stability analysis

5,000 2547
10,000 5,095
20,000 10,190

500 282

1000 464

Protective Cover Soil
Peak Friction Angle

(degrees)/
Cohesion

Normal
Stress (psf) Peak Shear Stress (psf)

Protective Cover Layer (3)

Soil at highest
moisture and
lowest density
expected during
construction

Direct Shear Test
(ASTM D3080)

(1) Representative
sample of protective
soil to be used in
construction

Whenever there is a
change in material 25 / 100

150 170 Veneer
translational
failure
analysis of
final cover
slopes

Results evaluated and
approved as having met
applicable
specifications
established by the slope
stability analysis

300 240

600 380

(1) In situations where a conformance test results falls below the specified minimum, review Figures 1 through 3 following these tables that depict acceptable combinations f and c where c is greater than 0 for each loading scenario.  In addition,
the particular slope stability calculation can be repeated to determine if additional non-linear analyses and/or reasonable changes in assumptions show the material to be acceptable.

(2) Minimum peak shear strengths are provided in both friction angle and shear stress at specified normal loads.  Shear stress (t) is calculated using the equation t = c + stanf where c = cohesion or adhesion and s = normal force.  Exceeding
either the required friction angle with cohesion/adhesion =  0 or the minimum shear stress at the required normal loads is acceptable.

(3) The strength of these materials has been conservatively assumed in the slope stability analysis.  These materials should be tested once prior to initial construction to verify the minimum assumed strength parameters
are exceeded.  Subsequent construction projects should have a geotechnical engineer verify the material characteristics are similar to those tested and verified as passing results.  If different materials or a different borrow
source are utilized, additional testing should be considered

Latest version of the applicable ASTM International or USDA testing standards will be used when conducting tests.
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Table 3. Minimum Requirements and Test Frequencies for Soil and Aggregate Materials

Component Required Test Minimum Frequency Sample Size(1) Acceptance Criteria

Subgrade/Structural Fill
Prequalification
Conformance Testing (3)

Visual Observation As required N/A Substantially free of debris, large rocks, plant materials, or other deleterious material.
Sieve Analysis (ASTM D6913) 1 per source & 1 per 5,000 yd3 5-10 lb Max. 4 in. particle size

Standard Proctor (ASTM D698) 1 per source & 1 per 10,000 yd3 50-100 lb Determination of window of acceptable moisture content given required dry density.
Maximum dry unit weight greater than 90 lb/ft3

Subgrade/Structural Fill
Performance Testing (4)

Visual Observation As required N/A Final surface: firm, smooth, and uniform
Lift Depth Check As required N/A 6 to 8 in compacted lift

Nuclear Densometer  In-place
Density and Moisture Content (ASTM

D6938)
1 per 100 ft grid per lift N/A > 95% Standard Proctor maximum dry density, Moisture content -4% +4% of optimum

Proofroll Continuous or as directed by the
Engineer Varies No excessive pumping or rutting of subgrade

Geologic Buffer
Prequalification
Conformance Testing(3)

Visual Observation As required N/A Substantially free of debris, large rocks, plant materials, or other deleterious material
Sieve Analysis (ASTM D6913) 1 per source & 1 per 5,000 yd3 5-10 lb 4-inch max. particle size, 2 inch max. particle size for lift in contact with geosynthetics

Atterberg Limits (ASTM D4318) 1 per source & 1 per 5,000 yd3 5-10 lb Plasticity Index: 10 or more2

Standard Proctor  (ASTM D698) 1 per source & 1 per 5,000 yd3 50-100 lb Determination of window of acceptable moisture content given required dry density
Moisture Content (ASTM D2216) 1 per 5,000 yd3 Varies Determine if adequate moisture is present prior to compaction

Flexible Wall Permeability
(remolded) (ASTM D5084) 1 per 10,000 yd3 50 lb ≤1 x 10-5 cm/sec;  Field test to establish field compaction specification; Certification Engineer to use

approved borrow source specification
Unified Soil Classification

(ASTM D2487) 1 per source & 1 per 5,000 yd3 5-10 lb SC, SM, GC, CL, CH, or CL-ML

Geologic Buffer
Performance Testing (4)

Visual Observation As required N/A Final surface: firm, smooth, and uniform. Perform lift depth check
Nuclear Densometer In-

place Density and
Moisture Content (ASTM

D 6938)

5 per acre per lift N/A ≥ 95% Standard Proctor maximum dry density or as required to achieve the required permeability.

Lift Depth Check As required N/A
6 to 8 in. compacted lift. Total 5-ft thickness to be verified by as-built survey at 100-foot maximum grid
interval

Compacted Soil Liner
Prequalification
Conformance Testing(3)

Visual Observation As required N/A Substantially free of debris, large rocks, plant materials, or other deleterious material
Sieve Analysis (ASTM C136) 1 per source & 1 per 5,000 yd3 5-10 lb 4-inch max. particle size, 2 inch max. particle size for lift in contact with geosynthetics

Atterberg Limits (ASTM D4318) 1 per source & 1 per 5,000 yd3 5-10 lb Plasticity Index: 10 or more2

Standard Proctor  (ASTM D698) 1 per source & 1 per 5,000 yd3 50-100 lb Determination of window of acceptable moisture content given required dry density
Moisture Content (ASTM D2216) 1 per 5,000 yd3 Varies Determine if adequate moisture is present prior to compaction

Flexible Wall Permeability (remolded)
(ASTM D5084) 1 per 10,000 yd3 50 lb ≤1 x 10-6 cm/sec;  Field test to establish field compaction specification; Certification Engineer to use

approved borrow source specification
Unified Soil Classification

(ASTM D2487)
1 per source & 1 per 5,000 yd3 5-10 lb SC, SM, GC, CL, CH, or CL-ML

Visual Observation As required N/A Final surface: firm, smooth, and uniform. Perform lift depth check
Compacted Soil Liner
Performance Testing (4)

Nuclear Densometer In-
place Density and

Moisture Content (ASTM
D 6938)

5 per acre per lift N/A ≥ 95% Standard Proctor maximum dry density or as required to achieve the required permeability.
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Lift Depth Check As required N/A 6 to 8 in. compacted lift. Total 2-ft thickness to be verified by as-built survey at 100-foot maximum grid
interval
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Table 3. Minimum Requirements and Test Frequencies for Soil and Aggregate Materials (Continued)

Component Required Test Minimum Frequency Sample Size(1) Acceptance Criteria
Pipe Annulus
Aggregate
Prequalification
Conformance Testing (3

Sieve Analysis (ASTM
D6913)

1 per source & 1 per
5,000 yd3 5-10 lb

Meet Specifications for TDOT No. 57 gravel
100% passing 1-1/2 in. sieve; 95%-100% passing 1 in. sieve; 25% -60% passing 1/2 in
sieve; 0%-10% passing #4 sieve; 0-5% passing #8 sieve.

Pipe Annulus
Aggregate
Performance Testing (4)

Visual Observation As required N/A Pipe satisfactorily supported by aggregate bedding haunched to pipe springline prior to
backfill with aggregate.

Final Cover Protective
Soil
Prequalification
Conformance Testing (3)

Visual Observation As required N/A Substantially free of debris, large rocks, plant materials, or other deleterious material.
Must not pump or rut excessively.

Sieve Analysis (ASTM
D6913)

1 per source &  1 per
5,000 yd3 5-10 lb Max. 1 in. particle size

Final Cover Protective
Soil
Performance Testing (4)

Visual Observation As required N/A Final surface: firm, smooth, and uniform

Lift Depth Check As required N/A
12 or 18 in. compacted lift.  1.5 ft total thickness verified by as-built survey at 100-foot
maximum grid interval

Protective Cover Layer
(sand)
Prequalification
Conformance Testing (3)

Sieve Analysis (ASTM
D6913)

1 per source & 1 per
5,000 yd3 50 lb Acceptable gradation curve approved by project engineer

Constant Head
Permeability

1 per source & 1 per
5,000 yd3 50 lb ≥ 4.1x10-3 cm/sec or alternatively approved by project engineer

Protective Cover Layer
(sand)
Performance Testing (4)

Lift Depth Check As required N/A
12-inch minimum lift. 1-ft total thickness verified by as-built survey at 100-foot
maximum grid interval

Riprap
Prequalification
Conformance Testing (3)

Gradation Analysis
(ASTM D5519)

1 per source per riprap
gradation

10 tons
Meets Specifications for TDOT “Standard Specifications for Road and Bridge
Construction” Section 709.03

(1)  In general, where the symbol "N/A" (not applicable) is used, the test is performed on in-place materials.
(2) Minor variations will be allowed in acceptance criteria for geologic buffer in order to maintain permeability less than 1 x 10-5 cm/sec. Under no circumstances will acceptance criteria be enforced which result in

permeability greater than 1 x 10-5 cm/sec
(3) Conformance testing is performed on borrow sources and placed material to ensure the minimum required values are met and the material remains consistent.
(4)  Performance testing is performed on materials after placement is complete to ensure that the lift or layer meets design requirements.

Latest version of the applicable ASTM International or USDA testing standards will be used when conducting tests.
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Table 4. Minimum Material Testing Requirements for Reinforced Geosynthetic Clay Liner

Properties Qualifiers Units Specified (1)

Property Values Test Method Manufacturer's Testing
Frequency

Conformance Testing
Frequency

Bentonite Mass/Area(2) MARV lb/ft2 0.75 ASTM D 5993 1 per 100,000 SF 1 per 100,000 SF
Bentonite Moisture Content Maximum % 35 ASTM D 4643 1 per 100,000 SF NR

Bentonite Fluid Loss Maximum ml 18 ASTM D 5891 1 per 100,000 SF NR
Bentonite Free Swell Maximum ml/2g 24 ASTM D 5890 1 per 100,000 SF NR

Index Flux Maximum m3/m2/s 1x10-8 ASTM D 5887 1 per 100,000 SF NR
Average Peel Strength MARV lb/in 12 ASTM D 6496 1 per 100,000 SF 1 per 100,000 SF

Grab Strength MARV lb 60(5) ASTM D 4632 1 per 100,000 SF 1 per 100,000 SF
Polymer Composition

(Geotextile) Minimum % 95 polyester or
polypropylene - Certify 1 per 100,000 SF

Permeability Minimum cm/s 5x10-9 (6) ASTM D 5887 1 per 100,000 SF 1 per 100,000 SF
Interface/Internal Shear

Strength Minimum lb/ft2 See Table 2 of the CQA Plan(4) ASTM D 5321 NR(3) Once per construction season
or at material change

(1) MARV = minimum average roll value
(2) Measured at a moisture content of 0 percent
(3) NR = Not Required
(4) Tests will be performed on the entire liner system cross-section and over the range of normal stresses planned for application during shearing as discussed in the applicable section of the QA/QC Plan.
(5) ASTM D 4632 may be modified to use a 4-in wide grip. The results shall be the maximum peak of five specimens averaged in machine direction.
(6) A polymer-amended GCL is required for the project.    All GCLs  proposed shall undergo  site-specific leachate compatibility testing
       to pre-qualify alternate GCL materials for use.
(7) The  GCL  shall  be  formulated  and  manufactured  by  placing  bentonite  between  a  scrim-

nonwoven  carrier  geotextile  and  a  nonwoven  cap  geotextile  which  are  needle  punched  together  to  provide  internal  shear  reinforcement.    The  carrier
       geotextile shall be placed in contact with the compacted soil liner during construction and interface testing  (5)  Or as required to achieve the required internal shear strength. See Section 4 of the CQA Plan.

Take conformance samples across the entire width of the roll and do not include the first 3 lineal ft. Unless otherwise specified, samples are to be 3 ft long by the roll width.  If applicable, mark the machine direction on the
samples with an arrow.

Latest version of the applicable ASTM International or USDA testing standards will be used when conducting tests.
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Table 5A. Required 60 Mil Textured HDPE Geomembrane Properties – Manufacturing Quality Control

Material Property(3) Value Units Test Method Frequency(4)

Resin – Melt Flow Index ≤1.0 g/10 min. ASTM D1238 50,000 SF
Thickness 60 mil ASTM D 5994 Per roll
Asperity Height(1)(4) (min. avg.) 16 mil GRI GM12 50,000 SF
Specific Gravity (min.) 0.940 gm/cm3 ASTM D 792 or ASTM D 1505 50,000 SF

Tensile Properties (each direction)

ASTM D6693 Type IV1. Tensile Strength at Break (min. avg.) 90 lb/in. 50,000 SF
2. Elongation at Break (min. avg.) 100 percent 50,000 SF

Tear Resistance (min. avg.) 42 lbs ASTM D1004, Die C 50,000 SF
Puncture Resistance (min. avg.) 90 lbs ASTM D 4833 50,000 SF
Carbon Black Content 2-3 percent ASTM D1603 50,000 SF
Carbon Black Dispersion(2)

Category 1 or 2 Rating ASTM D5596 50,000 SF
Oxidative Induction Time (min. average) 400 Minutes ASTM D5885 Per formulation
UV Resistance 50 Percent ASTM D5885 Per formulation

(1) Or as required to meet the interface shear requirements for the project.  See Section 4 of the CQA Plan.  No visible variation across the
width of the roll will be allowed.

(2)  Carbon dispersion for 10 different views: 9 of 10 views will be Category 1 or 2 with one view allowed in Category 3.
(3) Manufacturer's Quality Control testing will be performed at a frequency of one test per every 50,000 ft2 or one test per resin lot,

whichever is more frequent. Thickness testing will be performed on each roll.
(4) Asperity Height measurements will be performed on every roll, alternating between measurements for top of sheet and bottom of

sheet.

Latest version of the applicable ASTM International or USDA testing standards will be used when conducting tests.
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Table 5B. Required 40 Mil Textured LLDPE Geomembrane Properties – Manufacturing Quality Control

Material Property(3) Value Units Test Method Frequency(4)

Resin – Melt Flow Index ≤1.0 g/10 min. ASTM D1238 50,000 SF

Thickness 40 mil ASTM D 5994 Per roll

Asperity Height(1) (4)  (min. avg.) 16 mil GRI GM12 50,000 SF

Specific Gravity (max.) 0.939 gm/cm3 ASTM D 792 or ASTM D 1505 50,000 SF

Tensile Properties (each direction)

ASTM D6693 Type IV1. Tensile Strength at Break (min. avg.) 60 lb/in. 50,000 SF

2. Elongation at Break (min. avg.) 250 percent 50,000 SF

Tear Resistance (min. avg.) 22 lbs ASTM D1004, Die C 50,000 SF

Puncture Resistance (min. avg.) 44 lbs ASTM D 4833 50,000 SF

Carbon Black Content 2-3 percent ASTM D1603 50,000 SF

Carbon Black Dispersion(2) Category 1 or 2 Rating ASTM D5596 50,000 SF

Oxidative Induction Time (min. average) 400 Minutes ASTM D5885 Per formulation
UV Resistance 35 Percent ASTM D5885 Per formulation

 (1) Or as required to meet the interface shear requirements for the project.  See Section 10 of the CQA Plan. Minimum of ten readings must
average specified height.  No visible variation across the width of the roll will be allowed.

(2) Carbon dispersion for 10 different views: 9 of 10 views will be Category 1 or 2 with one view allowed in Category 3.
(3) Manufacturer's Quality Control testing will be performed at a frequency of one test per every 50,000 ft2 or one test per resin lot,

whichever is more frequent.  Thickness testing will be performed on each roll.
(4) Asperity Height measurements will be performed on every roll, alternating between measurements for top of sheet and
bottom of sheet.

Latest version of the applicable ASTM International or USDA testing standards will be used when conducting tests.
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Table 6A. Required 60 Mil Textured HDPE Geomembrane Properties – Conformance Testing

Material Property Value Units Test Method Frequency(4)

Thickness 60 mil ASTM D 5994 100,000 SF

Specific Gravity (min.) 0.940 gm/cm3 ASTM D 792 or ASTM D
1505 100,000 SF

Asperity Height(1)

(min. avg.) 16 mil GRI GM12 100,000 SF Top
& Bottom

Tensile Strength at
Break (min. avg.) 90 lb/in. ASTM D6693 Type IV 100,000 SF

Elongation at Break
(min. avg.) 100 percent ASTM D6693 Type IV 100,000 SF

Tear Resistance
(min. avg.) 42 lbs ASTM D1004, Die C 100,000 SF

Puncture Resistance
(min. avg.) 90 lbs ASTM D 4833 100,000 SF

Carbon Black Content 2-3 percent ASTM D1603 100,000 SF
Carbon Black
Dispersion(2) Category 1 or 2 Rating ASTM D5596 100,000 SF

UV Resistance 50 Percent ASTM D5885 100,000 SF

Oxidative Induction
Time (min. average) 400 Minutes ASTM D5885 100,000 SF

Interface/Internal
Shear Strength(4)

See Section 4 of
the CQA Plan lb/ft2 ASTM D 5321 100,000 SF

(1) Or as required to meet the interface shear requirements for the project.  See Section 4 of the
CQA Plan.

(2) Carbon dispersion for 10 different views: 9 of 10 views will be Category 1 or 2 with one view
allowed in Category 3.

(3) Conformance testing will be performed by the Certification Engineer at a minimum frequency
of one test per 100,000 ft2 or one test per resin lot, whichever is more frequent. Take
samples across the entire width of the roll and do not include the first 3 lineal ft. Unless
otherwise specified, samples are to be 3 ft long by the roll width.  If applicable, mark the
machine direction on the samples with an arrow.

(4) Tests will be performed on the entire liner system cross-section and over the range of normal
stresses planned for application during shearing as discussed in Section 10 of this QA/QC Plan.

Latest version of the applicable ASTM International or USDA testing standards will be used
when conducting tests.
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Table 6B. Required 40 Mil Textured LLDPE Geomembrane Properties – Conformance Testing

Material Property Value Units Test Method Frequency(4)

Thickness 40 mil ASTM D 5994 100,000 SF

Specific Gravity (min.) 0.939 gm/cm3 ASTM D 792 or ASTM D
1505 100,000 SF

Asperity Height(1)

(min. avg.) 16 mil GRI GM12 100,000 SF Top
& Bottom

Tensile Strength at
Break (min. avg.) 60 lb/in. ASTM D6693 Type IV 100,000 SF

Elongation at Break
(min. avg.) 250 percent ASTM D6693 Type IV 100,000 SF

Tear Resistance
(min. avg.) 22 lbs ASTM D1004, Die C 100,000 SF

Puncture Resistance
(min. avg.) 44 lbs ASTM D 4833 100,000 SF

Carbon Black Content 2-3 percent ASTM D1603 100,000 SF
Carbon Black
Dispersion(2) Category 1 or 2 Rating ASTM D5596 100,000 SF

Interface/Internal
Shear Strength(4)

See Section 4 of
the CQA Plan lb/ft2 ASTM D 5321 100,000 SF

 (1) Or as required to meet the interface shear requirements for the project.  See Section 10 of
the CQA Plan. Minimum of ten readings must average specified height.

(2) Carbon dispersion for 10 different views: 9 of 10 views will be Category 1 or 2 with one view
allowed in Category 3.

(3) Conformance testing will be performed by the Certification Engineer at a minimum frequency
of one test per 100,000 ft2 or one test per resin lot, whichever is more frequent. Take
samples across the entire width of the roll and do not include the first 3 lineal ft. Unless
otherwise specified, samples are to be 3 ft long by the roll width.  If applicable, mark the
machine direction on the samples with an arrow.

(4) Tests will be performed on the entire liner system cross-section and over the range of normal
stresses planned for application during shearing as discussed in Section 10 of this QA/QC Plan.

Latest version of the applicable ASTM International or USDA testing standards will be
used when conducting tests.
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Table 7A. Required 60 Mil Textured HDPE Seam Properties

Material Property Value Units Test Method
Shear Strength – Fusion and
Extrusion(1) 120 lb/in. ASTM 6392

Strain rate: 2 in./min. 1 in. strip.
Peel Adhesion

ASTM D6392
Strain rate: 2 in./min. 1 in. strip.Fusion(2) 91 lb/in.

Extrusion(3) 78 lb/in.

Air Channel Testing(4) 30 psi ASTM D5820

Vacuum Box Testing(5) 3 psi ASTM D5641

(1) For Shear Testing of both fusion and extrusion welds, the strength of 4 out of 5 specimens
should meet or exceed the given value. The 5th can be as low as 80% of the tested value.
Required laboratory seam testing will be performed by a geosynthetics testing laboratory at
a frequency of one test per 500 linear feet of seam constructed for both extrusion and fusion
welding equipment unless otherwise directed by the CQA consultant.

(2) For Peel Testing of fusion welds the strength of 4 out of 5 specimens should meet or exceed
the given value. The fifth can be as low as 80% of the tested value. All specimens will fail due
to film tear bond or with greater than 25% incursion of the weld (peel).

(3) For Peel Testing of extrusion welds, 1 out of 5 specimens may either achieve <52 lb/in. but
be ≥41.6 lb/in. or exhibit greater than 25% incursion of the weld (peel). The remaining four
specimens must meet the specified strength and have a maximum of 25% incursion of the
weld (peel).

(4) For Air Channel Testing of fusion welds, specimen must maintain pressure for 5 minutes with
no less than 3 psi pressure drop.  Note pressure drop when far seam is cut.

(5) For Vacuum Box Testing of extrusion welds, examine weld for 10 seconds at the required
test pressure through the vacuum box window for evidence of leaks.

Latest version of the applicable ASTM International or USDA testing standards will be used
when conducting tests.
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Table 7B. Required 40 Mil Textured LLDPE Seam Properties

Material Property Value Units Test Method
Shear Strength – Fusion and
Extrusion(1) 60 lb/in. ASTM 6392

Strain rate: 2 in./min. 1 in. strip.
Peel Adhesion

ASTM D6392
Strain rate: 2 in./min. 1 in. strip.Fusion(2) 50 lb/in.

Extrusion(3) 44 lb/in.

Air Channel Testing(4) 25 psi ASTM D5820

Vacuum Box Testing(5) 3 psi ASTM D5641

(1) For Shear Testing of both fusion and extrusion welds, the strength of 4 out of 5 specimens
should meet or exceed the given value. The 5th can be as low as 80% of the tested value.
Required laboratory seam testing will be performed by a geosynthetics testing laboratory at
a frequency of one test per 500 linear feet of seam constructed for both extrusion and fusion
welding equipment unless otherwise directed by the CQA consultant.

(2) For Peel Testing of fusion welds the strength of 4 out of 5 specimens should meet or exceed
the given value. The fifth can be as low as 80% of the tested value. All specimens will fail due
to film tear bond or with greater than 25% incursion of the weld (peel).

(3) For Peel Testing of extrusion welds, 1 out of 5 specimens may either achieve <52 lb/in but be
≥41.6 lb/in. or exhibit greater than 25% incursion of the weld (peel). The remaining four
specimens must meet the specified strength and have a maximum of 25% incursion of the
weld (peel).

(4) For Air Channel Testing of fusion welds, specimen must maintain pressure for 5 minutes with
no less than 3 psi pressure drop.  Note pressure drop when far seam is cut.

(5) For Vacuum Box Testing of extrusion welds, examine weld for 10 seconds at the required
test pressure through the vacuum box window for evidence of leaks.

Latest version of the applicable ASTM International or USDA testing standards will be used when
conducting tests.
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Table 8. Required Geocomposite Properties – Manufacturing Quality Control

Material Property Value Units Test Method
Manufacturer’s

Frequency
Geonet Component(3):

Thickness (min.)
Final Cover System 250 mil ASTM D 5199 50,000 SF

Thickness (min.)
Leachate Collection System 250 mil ASTM D 5199 50,000 SF

Specific Gravity (min. avg.) 0.94 gm/cm3 ASTM D 792 or
ASTM D 1505 50,000 SF

Carbon Black Content 2-3 percent ASTM D1603 50,000 SF
Tensile Strength, MD (Machine
Direction) 45 lb/ft ASTM D 5035 50,000 SF

Geotextile Component:

Polymer Composition (min.) 95
% polypropylene
or polyester by

weight
Certify

Mass per Unit Area (min.) 8 oz/yd2 ASTM D 5261 50,000 SF

Grab Tensile Strength ≥230 lbs ASTM D 4632 50,000 SF

Grab Elongation (min. avg.) 50 percent ASTM D 4632 50,000 SF

Puncture Strength (min.) 120 lbs ASTM D 4833 100,000 SF

Apparent Opening Size 70 - 120 sieve size ASTM D 4751 550,000 SF

Water Flow Rate (min.) 110 gpm/ft2 ASTM D 4491 550,000 SF

Ultraviolet Resistance (min. avg.) 70 percent
ASTM D 4355

(after 500
hours)

1/per lot

Geocomposite:
Transmissivity at 1,000 psf(1)

(min.) Final Cover System
3.75 ×

10-4 m2/sec ASTM D 4716 500,000 SF

Transmissivity at 13,500 psf(2)

(min.) Leachate Collection System
8.20 ×

10-5 m2/sec ASTM D 4716 500,000 SF

Peel Strength (min.) 1 lb/in GR1 GC-7 500,000 SF
(1) Transmissivity measured using water at 20°C with a gradient of 0.33 and normal stress of up to 1,000

psf using actual boundary conditions for 100 hours or as required to achieve a steady state.
(2) Transmissivity measured using water at 20°C with a gradient of 0.03 and normal stress of 1,000 psf

using actual boundary conditions for 100 hours or as required to achieve a steady state.
(3) Based on the angularity of the overlying material, the following requirement for allowable geonet grid

opening size will be met in order to protect the liner geomembrane against puncture.
Latest version of the applicable ASTM International or USDA testing standards will be used when conducting

tests.



Part II Permit Application
CQA Plan Scepter Disposal Facility

Page 17

ANGULARITY OF DRAINAGE LAYER MAXIMUM ALLOWABLE GEONET GRID
OPENING SIZE (IN)

Angular
Subangular
Rounded
Sand/Soil

<0.40
<0.56
<0.79
<0.79
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Table 9. Required Geocomposite Properties - Conformance Testing

Material Property Value Units Test Method Frequency(1)

Geonet Component:
Thickness (min.)
Final Cover System 250 mil ASTM D5199 100,000 SF

Thickness (min.)
Leachate Collection System 250 mil ASTM D5199 100,000 SF

Resin Density (min. avg.) 0.935 gm/cm3 ASTM D1505 100,000 SF
Geocomposite:

Peel Strength (min.) 1 lb/in. GRI GC-7 100,000 SF
Tensile Strength (min.) 45 lb/in. ASTM D5035 100,000 SF
Transmissivity at 1,000 psf(2)

(min.)
Final Cover System

3.75 × 10-4 m2/sec ASTM D4716 100,000 SF

Transmissivity at 13,500
psf(3) (min.)
Leachate Collection System

8.20 × 10-5 m2/sec ASTM D4716 100,000 SF

(1) Conformance testing will be performed at a minimum frequency of one test per 100,000 ft2 or
one test per resin lot, whichever is more frequent

(2) Transmissivity measured using water at 20°C with a gradient of 0.33 and normal stress of up to
1,000 psf using actual boundary conditions for 100 hours or as required to achieve a steady
state.

(3) Transmissivity measured using water at 20°C with a gradient of 0.03 and normal stress of 13,500
psf using actual boundary conditions for 100 hours or as required to achieve a steady state.

Take samples across the entire width of the roll and do not include the first 3 lineal ft. Unless
otherwise specified, samples are to be 3 ft long by the roll width.  If applicable, mark the
machine direction on the samples with an arrow.

Latest version of the applicable ASTM International or USDA testing standards will be used
when conducting tests.
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Table 10. Required Properties For Nonwoven Geotextiles – Manufacturing Quality Control

Material Property Value(1) Units Test Method Manufacturer’s
Frequency

10 oz/sy Nonwoven Geotextile
Mass/Area (min. avg.) 10 oz/sy ASTM D 5261 100,000 SF

Permittivity 1.0 sec-1 ASTM D 4491 750,000 SF
Grab Tensile 250 lb ASTM D 4632 100,000 SF

Grab Elongation 45 percent ASTM D 4632 100,000 SF
Puncture Resistance 120 lb ASTM D 4833 100,000 SF

Trapezoidal Tear 100 lb ASTM D 4533 100,000 SF
Apparent Opening Size 100 U.S. Sieve ASTM D 4751 750,000 SF

8 oz/sy Nonwoven Geotextile
Mass/Area (min. avg.) 8 oz/sy ASTM D 5261 100,000 SF

Permittivity 1.0 sec-1 ASTM D 4491 750,000 SF
Grab Tensile 190 lb ASTM D 4632 100,000 SF

Grab Elongation 45 percent ASTM D 4632 100,000 SF
Puncture Resistance 80 lb ASTM D 4833 100,000 SF

Trapezoidal Tear 75 lb ASTM D 4533 100,000 SF
Apparent Opening Size 80 U.S. Sieve ASTM D 4751 750,000 SF

6 oz/sy Nonwoven Geotextile
Mass/Area (min. avg.) 6 oz/sy ASTM D 5261 100,000 SF

Permittivity 1.0 sec-1 ASTM D 4491 750,000 SF
Grab Tensile 150 lb ASTM D 4632 100,000 SF

Grab Elongation 45 percent ASTM D 4632 100,000 SF
Puncture Resistance 60 lb ASTM D 4833 100,000 SF

Trapezoidal Tear 60 lb ASTM D 4533 100,000 SF
Apparent Opening Size 70 U.S. Sieve ASTM D 4751 750,000 SF

Notes:
(1) Minimum average roll values

Latest version of the applicable ASTM International or USDA testing standards will be used
when conducting tests.
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Table 11. Required Properties For Nonwoven Geotextiles – Conformance Testing

Material Property Value(1) Units Test Method Frequency
Mass/Area (min. avg.) 6 oz/sy ASTM D 5261 250,000 SF

Permittivity 1.0 sec-1 ASTM D 4491 1,500,000 SF
Grab Tensile 248 lb ASTM D 4632 250,000 SF

Grab Elongation 50 percent ASTM D 4632 250,000 SF
Puncture Resistance 120 lb ASTM D 4833 250,000 SF

Trapezoidal Tear 90 lb ASTM D 4533 250,000 SF
Apparent Opening Size 100 U.S. Sieve ASTM D 4751 1,500,000 SF

Notes:
(1) Minimum average roll values

Latest version of the applicable ASTM International or USDA testing standards will be used
when conducting tests.
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Table 12. CALIBRATION OF TESTING EQUIPMENT

Equipment Required Test Minimum Frequency Acceptance
Criteria

Nuclear Density Gauge

Radioactive Source
Wipe Testing and
Systems Electronics
Check

Annually by Manufacturer
or Specialty Testing firm
qualified to inspect and
calibrate nuclear source
equipment

Certificate of
Calibration and
Safety by Testing
Firm

Tensiometer
Tensile strength
calibration to
standard

Prior to arrival to project
site.  Tensionmeter to be
field verified at the
discretion of the Engineer

+/- 3 psi

Air Pressure Gauges Pressure in psi
compared to standard

Prior to arrival to project
site or documentation that
the product is new

+/- 1 psi

Other As Determined by the
Engineer

As Recommended by the
Manufacturer, or Required
by State Auditor of
Measurement Devices

As Guaranteed  by
the Manufacturer
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Table 13. Reference Table of ASTM or USDA Testing Standards

Standard Title Designation ID
Standard Test Methods for Measurement of
Hydraulic Conductivity of Saturated Porous
Materials Using a Flexible Wall Permeameter

ASTM D5084 - 16a

Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort (12
400 ft-lbf/ft3 (600 kN-m/m3))

ASTM D698 - 12e2

Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Modified Effort
(56,000 ft-lbf/ft3 (2,700 kN-m/m3))

ASTM D1557 - 12e1

Standard Test Methods for Particle Size Analysis of
Natural and Man-Made Riprap Materials

ASTM D5519 - 15

Standard Test Methods for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils

ASTM D4318 - 17

Standard Test Methods for Laboratory
Determination of Water (Moisture) Content of Soil
and Rock by Mass

ASTM D2216 - 10

Standard Practice for Classification of Soils for

Engineering Purposes (Unified Soil Classification

System)

ASTM D2487 - 11

Standard Test Method for Density of Soil in Place

by the Drive-Cylinder Method

ASTM D2937 - 17e1

Standard Test Method for Density and Unit Weight

of Soil in Place by Sand-Cone Method

ASTM D1556 / D1556M - 15e1

Standard Test Method for Insoluble Residue in

Carbonate Aggregates

ASTM D3042 - 17

Standard Practice for Description and

Identification of Soils (Visual-Manual Procedures)

ASTM D2488 - 17

Standard Test Methods for In-Place Density and

Water Content of Soil and Soil-Aggregate by

Nuclear Methods (Shallow Depth)

ASTM D6938 - 17

Standard Specification for Butt Heat Fusion

Polyethylene (PE) Plastic Fittings for Polyethylene

(PE) Plastic Pipe and Tubing

ASTM D3261 - 16
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Standard Test Method for Consolidated Undrained

Triaxial Compression Test for Cohesive Soils

ASTM D4767 - 11

Standard Test Method for Particle-Size Distribution

(Gradation) of Fine-Grained Soils Using the

Sedimentation (Hydrometer) Analysis

ASTM D7928 - 17

Standard Test Method for Particle-Size Distribution

(Gradation) of Soils Using Sieve Analysis

ASTM D6913M - 17

Standard Test Method for Determination of Water

Content of Soil and Rock by Microwave Oven

Heating

ASTM D4643 - 17

Standard Test Methods for Measurement of

Hydraulic Conductivity of Saturated Porous

Materials Using a Flexible Wall Permeameter

ASTM D5084 - 16a

Standard Test Method for Direct Shear Test of

Soils Under Consolidated Drained Conditions

ASTM D3080 / D3080M - 11

Standard Test Method for Measuring Mass Per

Unit of Geosynthetic Clay Liners

ASTM D5993 - 14

Standard Test Method for Fluid Loss of Clay

Component of Geosynthetic Clay Liners

ASTM D5891 / D5891M - 02(2016)e1

Standard Test Method for Swell Index of Clay

Mineral Component of Geosynthetic Clay Liners

ASTM D5890 - 11

Standard Test Method for Measurement of Index

Flux Through Saturated Geosynthetic Clay Liner

Specimens Using a Flexible Wall Permeameter

ASTM D5887 / D5887M - 16

Standard Test Method for Determining Average

Bonding Peel Strength Between Top and Bottom

Layers of Needle-Punched Geosynthetic Clay Liners

ASTM D6496 / D6496M - 04A(2015)e1

Standard Test Method for Grab Breaking Load and

Elongation of Geotextiles

ASTM D4632 / D4632M - 15a

Standard Test Method for Determining the Shear

Strength of Soil-Geosynthetic and Geosynthetic-

Geosynthetic Interfaces by Direct Shear

ASTM D5321 / D5321M - 17
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Standard Test Method for Melt Flow Rates of

Thermoplastics by Extrusion Plastometer

ASTM D1238 - 13

Standard Test Method for Measuring Core

Thickness of Textured Geomembranes

ASTM D5994 / D5994M - 10(2015)e1

Standard Test Methods for Density and Specific

Gravity (Relative Density) of Plastics by

Displacement

ASTM D792 - 13

Standard Test Method for Density of Plastics by

the Density-Gradient Technique

ASTM D1505 - 10

Standard Test Method for Determining Tensile

Properties of Nonreinforced Polyethylene and

Nonreinforced Flexible Polypropylene

Geomembranes

ASTM D6693 / D6693M - 04(2015)e1

Standard Test Method for Tear Resistance (Graves

Tear) of Plastic Film and Sheeting

ASTM D1004 - 13

Standard Test Method for Index Puncture

Resistance of Geomembranes and Related

Products

ASTM D4833 / D4833M - 07(2013)e1

Standard Test Method for Carbon Black Content in

Olefin Plastics

ASTM D1603 - 14

Standard Test Method For Microscopic Evaluation

of the Dispersion of Carbon Black in Polyolefin

Geosynthetics

ASTM D5596 - 03(2016)

Standard Test Method for Oxidative Induction

Time of Polyolefin Geosynthetics by High-Pressure

Differential Scanning Calorimetry

ASTM D5885 / D5885M - 17

Standard Test Method for Determining the

Integrity of Nonreinforced Geomembrane Seams

Produced Using Thermo-Fusion Methods

ASTM D6392 - 12

Standard Practice for Pressurized Air Channel

Evaluation of Dual Seamed Geomembranes

ASTM D5820 - 95(2011)

Standard Practice for Geomembrane Seam

Evaluation by Vacuum Chamber

ASTM D5641 / D5641M - 16
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Standard Test Method for Measuring the Nominal

Thickness of Geosynthetics

ASTM D5199 - 12

Standard Test Methods for Density and Specific

Gravity (Relative Density) of Plastics by

Displacement

ASTM D792 - 13

Standard Test Method for Density of Plastics by

the Density-Gradient Technique

ASTM D1505 - 10

Standard Test Method for Carbon Black Content in

Olefin Plastics

ASTM D1603 - 14

Standard Test Method for Breaking Force and

Elongation of Textile Fabrics (Strip Method)
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I. PURPOSE
The purpose of this analysis is to design the sediment basin for the Scepter Class II Disposal Facility
Expansion in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The sediment basin design was performed as part of the Part II Solid Waste Permit Application.  The
proposed site will be permitted as a new Class II solid waste landfill through the Tennessee Department
of Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for a
depiction of the sediment basin.

The following sections summarize the design criteria, procedure, assumptions, and results of the
sediment basin design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the sediment basins:

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and
control at least the peak flow resulting from a 24-hour, 25 year storm.

Rule 0400-11-01-.04(2)(i)3.

Holding facilities (e.g. sediment basins) associated with run-on and run-off control systems must be
designed to detain at least the water volume resulting from a 24-hour, 25 year storm and to divert
through emergency spillways at least the peak flow resulting from a 24-hour, 100 year storm.

The results of the analysis presented herein show that the sediment basin is designed to detain at least
the water volume resulting from a 24-hour, 25 year storm and control discharge flow resulting from a
100-year, 24-hour storm through the emergency spillway.

Rule 0400-11-01-.04(2)(i)4.

Collection and holding facilities associated with run-on and run-off control systems must be emptied or
otherwise managed expeditiously after storms to maintain design capacity of the system.

The sediment basin is designed with a low-flow dewatering system to gradually lower the water surface
elevation back to the design level following rain events. Total drawdown occurs in 72 hours.
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IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the sediment basins were initially
assumed and then confirmed through multiple iterations.

The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic and hydraulic calculations for this analysis
with inputs based on the site geometry, rainfall data, and other design assumptions.

The model was used to generate surface water volumes and peak water surface elevations in the basin
for the required design storm conditions and based on upstream watershed features of site and the
spillway design parameters.

The sediment basin was sized such that the volume provided in the basin between the bottom of the
basin’s dry storage/top of the basin’s wet pool and the emergency spillway overflow elevation is greater
than the total predicted volume of inflow entering the basin during the 24-hour, 25-year storm event.
By providing this volume, the basin is capable of detaining at least the water volume resulting from a 24-
hour, 25 year storm, in accordance with TDEC Rule 0400-11-01-.04(2)(i)3.

The proposed primary spillway riser will pass all discharge flows equal to and lesser than those
generated by the 24-hour, 100-year storm, while providing a minimum 1-foot of freeboard from
overtopping the surrounding embankment. Additionally, an earthen emergency spillway provides
redundancy to the primary spillway riser and will pass all discharge flows equal to and lesser than those
generated by the 24-hour, 100-year storm (in accordance with TDEC Rule 0400-11-01-.04(2)(i)3), while
providing a minimum 1-foot of freeboard from overtopping the surrounding embankment.

A low-flow dewatering system was designed to lower the water elevation in the pond from the invert of
the  proposed  spillway  to  the  dewatering  (wet  storage)  elevation  over  the  course  of  72  hours.   The
dewatering elevation was set such that the wet and dry storage available in the pond exceeds the
required minimum storage volumes.  The required minimum volume for wet storage is based on 67
cubic yards per acre of contributing drainage area per the TDEC Erosion and Sediment Control Handbook
Section 7.31 Sediment Basin. The dry storage requirement is also 67 cubic yards per acre per the TDEC
Erosion and Sediment Control Handbook, but is exceeded by Rule 0400-11-01-.04(2)(i)2 of the TDEC
Solid Waste Management regulations and the dry storage is equivalent to the 24-hour, 25-year storm
volume. The low-flow dewatering system is a combination of orifices and a surface skimmer. The surface
skimmer will drain the final 67 cubic yards per acre of dry storage volume independently from the
orifices. In other words, the orifices are set above the TDEC Erosion and Sediment Control Handbook
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requirements for wet storage allowing the surface skimmer to dewater the final 67 cubic yards per acre
volume.

As part of the dry storage volume, the sediment basin includes a forebay designed in accordance with
TDEC Erosion and Sediment Control Handbook Section 7.31 Sediment Basin. The forebay volume
exceeds the 16.75 cubic yards per acre (25% of the 67 cubic yards per acre dry/wet pool requirement)
minimum requirement set forth by the TDEC Erosion and Sediment Control Handbook. The forebay is
separated from the wet storage by a porous (TDOT Class A-1 riprap) berm.

V. NOTES/ASSUMPTIONS

The following is a list of key notes and assumptions made in completing this analysis.

· The rainfall intensities for Waverly, Tennessee are as follows and were obtained from NOAA.gov
and are included as Attachment A.:

o 6.39 inches to represent the 24-hour, 25-year storm

o 8.12 inches to represent the 24-hour, 100-year storm

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 98 for sediment basin water surface.

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within the landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

· For the purposes of designing the spillway structure, the dewatering devices in the basins were
not included in the hydraulic model.

· For the purposes of designing the spillway structure, the starting water surface elevation (WSE)
in the basins was assumed to be at the elevation of the wet pool.

· Pipe flow in HydroCAD was calculated by Manning’s equation for low flow conditions and the
orifice equation for high flow (submerged) conditions.
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· Flow into the spillway riser in HydroCAD was calculated using weir flow for low flow conditions
and the orifice equation for high flow (submerged) conditions.

VI. SUMMARY OF RESULTS

The results of the HydroCAD modeling for the sediment basin are provided in Attachment B (25-year,
24-hour storm event), and Attachment C (100-year, 24-hour storm event). The 72-hour dry pool
dewatering can be found in Attachment D.

The results of the sediment basin design are summarized in Table 1.  The basin both detains the water
volume generated by the 24-hour, 25-year storm and the discharge structure is sized appropriately such
that the peak water surface elevation in the basin during the 24-hour, 100-year storm stays safely below
the peak storage elevation of the basin meeting the one foot freeboard requirement.  The proposed
spillway structures consist of 48” x 48” box riser grated inlets discharging via a single 18” diameter
reinforced concrete pipe (RCP).  A beehive type grate will be placed over the box riser to protect against
clogging and trapping debris.

The earthen emergency spillway surface lining is compacted native soil fill within the influence of the
access road and vegetated grass outside the influence of the access road. Refer to Attachment F for
detailed calculations demonstrating the maximum shear stress (0.066 lb/ft2) from the emergency
spillway along the access road is less than the permissible shear stress of compacted native soil (0.075
lb/ft2). Along the back slope of the emergency spillway the maximum design velocity is 3.7 feet per
second (Attachment F). 3.7 feet per second is under the maximum 5.0 feet per second threshold for
grass lined spillways confirming a vegetated grass lined spillway is adequate.
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Table 1 – Sediment Basin Hydraulic Design Summary

Fully
Operational

System

Without Low-Flow
Dewatering System1

(For Primary Spillway
Riser Overflow

Design)

Without Low-Flow
Dewatering and
Primary Spillway

Systems1

(For Emergency
Spillway Design)

Total Contributing Drainage Area (acres) 31.05
Faircloth Skimmer Invert Elevation (feet) 439.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 441.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 442.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 443.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 444.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 445.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 446.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 447.25 Not Included1 Not Included1

Five 1.50” Dia. Orifices 448.25 Not Included1 Not Included1

Primary Spillway Riser Overflow Elevation (feet) 450.00 Not Included1

Primary Spillway Pipe Inlet Invert Elevation (feet) 438.75 Not Included1

Primary Spillway Pipe Outlet Invert Elevation (feet) 434.38 Not Included1

Earthen Emergency Spillway Invert (feet) 450.25
Basin Crest Elevation (feet) 451.50
Peak Storage at Basin Crest Elevation (acre-feet)2 14.69
24-hour, 25-year storm - 6.39 inches
Surface Water Runoff Volume Generated (acre-feet) 10.43
Storage Volume to Spillway Overflow Elevation
(acre-feet)3 10.91 Not Applicable

Peak Water Elevation in Basin (feet) 447.32 449.67
Peak Discharge – Primary Spillway (cfs) 3.97 0.00 Not Applicable
Peak Discharge – Emergency Spillway (cfs) 0.00
24-hour, 100-year storm – 8.12 inches
Peak Water Elevation in Basin (feet) 449.44 450.25 450.45
Peak Storage3 (acre-feet) 10.09 11.29 11.59
Peak Discharge – Principal Spillway (cfs) 5.64 7.08 0.00
Peak Discharge – Emergency Spillway (cfs) 0.00 5.84

1 Assume system failure
2 Including wet storage volume (1.43 acre-feet)
3 Excluding wet storage volume (1.43 acre-feet)
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The results of the low-flow dewatering device and sediment treatment design are summarized in Table 2
below.

Table 2 - Sediment Basin Treatment Design Summary

Basin 1

Bottom of Pond Elevation (ft) 434.00

Dewatering Device Elevation (ft) 439.25

Wet Storage Available (acre-feet) 1.30

Wet Storage Required (acre-feet) 1.29

Dry Storage Available (acre-feet) 10.91

Dry Storage Required (acre-feet) 10.43

Forebay Storage Available (acre-feet) 0.50

Forebay Storage Required (acre-feet) 0.33

Based upon information provided on fairclothskimmer.com, a 8” Faircloth Skimmer along with 40 –
1.50” diameter orifices are capable of drawing down the designed dry storage available within the
required 72 hour time frame (see Attachments E for  Faircloth  Skimmer  calculations;  note  a  6.4”
diameter orifice will be installed to achieve the required drawdown rate of the 8” Faircloth Skimmer).  If
a different surface skimmer product is selected for installation, calculations will be needed to confirm an
appropriate drawdown rate can be achieved to meet requirements discussed herein.

VII. CONCLUSIONS
The proposed grading of the landfill and sediment basin in combination with the design of the primary
and emergency spillway structures are sufficient to safely control and convey the design storms as
stipulated by TDEC Solid Waste Management regulations.  A low-flow dewatering system will gradually
lower the pond water surface elevation after storm events to regain maximum storage capacity while
allowing  for  trapping  of  sediment  within  the  wet  storage  zone  at  the  pond  bottom.   Calculations  for
proper conveyance of upstream and downstream flows were not presented in this analysis and will be
performed separately.  Refer to accompanying calculations used to design upstream conveyance
features (storm water terraces, perimeter channels, and culverts) entering the basins.
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NOAA Precipitation Frequency Data



NOAA Atlas 14, Volume 2, Version 3 
Location name: Waverly, Tennessee, US* 
Latitude: 36.0689°, Longitude: -87.9462° 

Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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ATTACHMENT B
HydroCAD report for Sediment Basin - 24-hr, 25-yr storm



21S

North Sed. Basin Culvert

22S

South Sed. Basin
 Culvert

23S

Sed. Basin

26S

Sed. Basin

29S

Sed. Basin

30S

North Sed. Basin Culvert

31S

South Sed. Basin
 Culvert

32S

North Sed. Basin Culvert

33S

South Sed. Basin
 Culvert

5P

Sediment Pond (WSE
 439.25) Primary

 Spillway Design (No
 WQ)

20P

Sediment Pond (WSE
 439.25) Full Operation

27P

Sediment Pond (WSE
 439.25) Emergency
 Design (No WQ No

 Primary)

Routing Diagram for Sediment Basin
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Subcatchment 21S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 21S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs
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Hydrograph for Subcatchment 21S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 22S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 22S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs
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Hydrograph for Subcatchment 22S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 23S: Sed. Basin

Runoff = 25.73 cfs @ 11.96 hrs,  Volume= 1.251 af,  Depth= 5.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 23S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.000 ac
Runoff Volume=1.251 af

Runoff Depth=5.00"
Tc=5.0 min

CN=88

25.73 cfs
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Hydrograph for Subcatchment 23S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.01
5.00 0.40 0.01 0.05
6.00 0.51 0.04 0.09
7.00 0.63 0.08 0.14
8.00 0.77 0.13 0.19
9.00 0.94 0.22 0.33

10.00 1.16 0.35 0.47
11.00 1.50 0.58 0.95
12.00 4.24 2.95 21.48
13.00 4.93 3.61 1.19
14.00 5.24 3.90 0.71
15.00 5.45 4.10 0.56
16.00 5.62 4.26 0.44
17.00 5.76 4.40 0.38
18.00 5.89 4.52 0.34
19.00 5.99 4.62 0.29
20.00 6.08 4.71 0.25
21.00 6.16 4.78 0.23
22.00 6.24 4.86 0.22
23.00 6.32 4.93 0.22
24.00 6.39 5.00 0.21
25.00 6.39 5.00 0.00
26.00 6.39 5.00 0.00
27.00 6.39 5.00 0.00
28.00 6.39 5.00 0.00
29.00 6.39 5.00 0.00
30.00 6.39 5.00 0.00
31.00 6.39 5.00 0.00
32.00 6.39 5.00 0.00
33.00 6.39 5.00 0.00
34.00 6.39 5.00 0.00
35.00 6.39 5.00 0.00
36.00 6.39 5.00 0.00
37.00 6.39 5.00 0.00
38.00 6.39 5.00 0.00
39.00 6.39 5.00 0.00
40.00 6.39 5.00 0.00
41.00 6.39 5.00 0.00
42.00 6.39 5.00 0.00
43.00 6.39 5.00 0.00
44.00 6.39 5.00 0.00
45.00 6.39 5.00 0.00
46.00 6.39 5.00 0.00
47.00 6.39 5.00 0.00
48.00 6.39 5.00 0.00
49.00 6.39 5.00 0.00
50.00 6.39 5.00 0.00
51.00 6.39 5.00 0.00
52.00 6.39 5.00 0.00
53.00 6.39 5.00 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 5.00 0.00
55.00 6.39 5.00 0.00
56.00 6.39 5.00 0.00
57.00 6.39 5.00 0.00
58.00 6.39 5.00 0.00
59.00 6.39 5.00 0.00
60.00 6.39 5.00 0.00
61.00 6.39 5.00 0.00
62.00 6.39 5.00 0.00
63.00 6.39 5.00 0.00
64.00 6.39 5.00 0.00
65.00 6.39 5.00 0.00
66.00 6.39 5.00 0.00
67.00 6.39 5.00 0.00
68.00 6.39 5.00 0.00
69.00 6.39 5.00 0.00
70.00 6.39 5.00 0.00
71.00 6.39 5.00 0.00
72.00 6.39 5.00 0.00
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Summary for Subcatchment 26S: Sed. Basin

Runoff = 25.73 cfs @ 11.96 hrs,  Volume= 1.251 af,  Depth= 5.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 26S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.000 ac
Runoff Volume=1.251 af

Runoff Depth=5.00"
Tc=5.0 min

CN=88

25.73 cfs
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Hydrograph for Subcatchment 26S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.01
5.00 0.40 0.01 0.05
6.00 0.51 0.04 0.09
7.00 0.63 0.08 0.14
8.00 0.77 0.13 0.19
9.00 0.94 0.22 0.33

10.00 1.16 0.35 0.47
11.00 1.50 0.58 0.95
12.00 4.24 2.95 21.48
13.00 4.93 3.61 1.19
14.00 5.24 3.90 0.71
15.00 5.45 4.10 0.56
16.00 5.62 4.26 0.44
17.00 5.76 4.40 0.38
18.00 5.89 4.52 0.34
19.00 5.99 4.62 0.29
20.00 6.08 4.71 0.25
21.00 6.16 4.78 0.23
22.00 6.24 4.86 0.22
23.00 6.32 4.93 0.22
24.00 6.39 5.00 0.21
25.00 6.39 5.00 0.00
26.00 6.39 5.00 0.00
27.00 6.39 5.00 0.00
28.00 6.39 5.00 0.00
29.00 6.39 5.00 0.00
30.00 6.39 5.00 0.00
31.00 6.39 5.00 0.00
32.00 6.39 5.00 0.00
33.00 6.39 5.00 0.00
34.00 6.39 5.00 0.00
35.00 6.39 5.00 0.00
36.00 6.39 5.00 0.00
37.00 6.39 5.00 0.00
38.00 6.39 5.00 0.00
39.00 6.39 5.00 0.00
40.00 6.39 5.00 0.00
41.00 6.39 5.00 0.00
42.00 6.39 5.00 0.00
43.00 6.39 5.00 0.00
44.00 6.39 5.00 0.00
45.00 6.39 5.00 0.00
46.00 6.39 5.00 0.00
47.00 6.39 5.00 0.00
48.00 6.39 5.00 0.00
49.00 6.39 5.00 0.00
50.00 6.39 5.00 0.00
51.00 6.39 5.00 0.00
52.00 6.39 5.00 0.00
53.00 6.39 5.00 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 5.00 0.00
55.00 6.39 5.00 0.00
56.00 6.39 5.00 0.00
57.00 6.39 5.00 0.00
58.00 6.39 5.00 0.00
59.00 6.39 5.00 0.00
60.00 6.39 5.00 0.00
61.00 6.39 5.00 0.00
62.00 6.39 5.00 0.00
63.00 6.39 5.00 0.00
64.00 6.39 5.00 0.00
65.00 6.39 5.00 0.00
66.00 6.39 5.00 0.00
67.00 6.39 5.00 0.00
68.00 6.39 5.00 0.00
69.00 6.39 5.00 0.00
70.00 6.39 5.00 0.00
71.00 6.39 5.00 0.00
72.00 6.39 5.00 0.00
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Summary for Subcatchment 29S: Sed. Basin

Runoff = 25.73 cfs @ 11.96 hrs,  Volume= 1.251 af,  Depth= 5.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 29S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.000 ac
Runoff Volume=1.251 af

Runoff Depth=5.00"
Tc=5.0 min

CN=88

25.73 cfs
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Hydrograph for Subcatchment 29S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.01
5.00 0.40 0.01 0.05
6.00 0.51 0.04 0.09
7.00 0.63 0.08 0.14
8.00 0.77 0.13 0.19
9.00 0.94 0.22 0.33

10.00 1.16 0.35 0.47
11.00 1.50 0.58 0.95
12.00 4.24 2.95 21.48
13.00 4.93 3.61 1.19
14.00 5.24 3.90 0.71
15.00 5.45 4.10 0.56
16.00 5.62 4.26 0.44
17.00 5.76 4.40 0.38
18.00 5.89 4.52 0.34
19.00 5.99 4.62 0.29
20.00 6.08 4.71 0.25
21.00 6.16 4.78 0.23
22.00 6.24 4.86 0.22
23.00 6.32 4.93 0.22
24.00 6.39 5.00 0.21
25.00 6.39 5.00 0.00
26.00 6.39 5.00 0.00
27.00 6.39 5.00 0.00
28.00 6.39 5.00 0.00
29.00 6.39 5.00 0.00
30.00 6.39 5.00 0.00
31.00 6.39 5.00 0.00
32.00 6.39 5.00 0.00
33.00 6.39 5.00 0.00
34.00 6.39 5.00 0.00
35.00 6.39 5.00 0.00
36.00 6.39 5.00 0.00
37.00 6.39 5.00 0.00
38.00 6.39 5.00 0.00
39.00 6.39 5.00 0.00
40.00 6.39 5.00 0.00
41.00 6.39 5.00 0.00
42.00 6.39 5.00 0.00
43.00 6.39 5.00 0.00
44.00 6.39 5.00 0.00
45.00 6.39 5.00 0.00
46.00 6.39 5.00 0.00
47.00 6.39 5.00 0.00
48.00 6.39 5.00 0.00
49.00 6.39 5.00 0.00
50.00 6.39 5.00 0.00
51.00 6.39 5.00 0.00
52.00 6.39 5.00 0.00
53.00 6.39 5.00 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 5.00 0.00
55.00 6.39 5.00 0.00
56.00 6.39 5.00 0.00
57.00 6.39 5.00 0.00
58.00 6.39 5.00 0.00
59.00 6.39 5.00 0.00
60.00 6.39 5.00 0.00
61.00 6.39 5.00 0.00
62.00 6.39 5.00 0.00
63.00 6.39 5.00 0.00
64.00 6.39 5.00 0.00
65.00 6.39 5.00 0.00
66.00 6.39 5.00 0.00
67.00 6.39 5.00 0.00
68.00 6.39 5.00 0.00
69.00 6.39 5.00 0.00
70.00 6.39 5.00 0.00
71.00 6.39 5.00 0.00
72.00 6.39 5.00 0.00
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Summary for Subcatchment 30S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 30S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs
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Hydrograph for Subcatchment 30S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 31S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 31S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs
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Hydrograph for Subcatchment 31S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 32S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 32S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs
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Hydrograph for Subcatchment 32S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 33S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 33S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs
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Hydrograph for Subcatchment 33S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 4.03"    for  25yr-24hr event
Inflow = 150.51 cfs @ 12.05 hrs,  Volume= 10.426 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 449.67' @ 24.94 hrs   Surf.Area= 1.471 ac   Storage= 11.851 af   (10.426 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 437.75' 18.0"  Round RCP_Round  18"

L= 100.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 437.75' / 435.75'   S= 0.0200 '/'   Cc= 0.900
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf

#2 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate  C= 0.600
Limited to weir flow at low heads

#3 Secondary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63
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Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
1=RCP_Round  18"  (Passes 0.00 cfs of 7.37 cfs potential flow)

2=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Inflow Area=31.050 ac
Peak Elev=449.67'
Storage=11.851 af

150.51 cfs
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Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Total
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Discharge  (cfs)
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 RCP_Round  18"

 Orifice/Grate Broad-Crested Rectangular Weir

Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Surface
Storage

Stage-Area-Storage
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Hydrograph for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 1.425 439.25 0.00 0.00 0.00
2.00 0.00 1.425 439.25 0.00 0.00 0.00
4.00 0.01 1.425 439.25 0.00 0.00 0.00
6.00 0.09 1.434 439.27 0.00 0.00 0.00
8.00 0.62 1.480 439.35 0.00 0.00 0.00

10.00 2.40 1.710 439.78 0.00 0.00 0.00
12.00 141.10 4.300 443.34 0.00 0.00 0.00
14.00 7.16 9.093 447.68 0.00 0.00 0.00
16.00 4.31 10.008 448.37 0.00 0.00 0.00
18.00 3.29 10.625 448.82 0.00 0.00 0.00
20.00 2.42 11.097 449.15 0.00 0.00 0.00
22.00 2.17 11.471 449.41 0.00 0.00 0.00
24.00 2.00 11.816 449.65 0.00 0.00 0.00
26.00 0.00 11.852 449.67 0.00 0.00 0.00
28.00 0.00 11.852 449.67 0.00 0.00 0.00
30.00 0.00 11.852 449.67 0.00 0.00 0.00
32.00 0.00 11.852 449.67 0.00 0.00 0.00
34.00 0.00 11.852 449.67 0.00 0.00 0.00
36.00 0.00 11.852 449.67 0.00 0.00 0.00
38.00 0.00 11.852 449.67 0.00 0.00 0.00
40.00 0.00 11.852 449.67 0.00 0.00 0.00
42.00 0.00 11.852 449.67 0.00 0.00 0.00
44.00 0.00 11.852 449.67 0.00 0.00 0.00
46.00 0.00 11.852 449.67 0.00 0.00 0.00
48.00 0.00 11.852 449.67 0.00 0.00 0.00
50.00 0.00 11.852 449.67 0.00 0.00 0.00
52.00 0.00 11.852 449.67 0.00 0.00 0.00
54.00 0.00 11.852 449.67 0.00 0.00 0.00
56.00 0.00 11.852 449.67 0.00 0.00 0.00
58.00 0.00 11.852 449.67 0.00 0.00 0.00
60.00 0.00 11.852 449.67 0.00 0.00 0.00
62.00 0.00 11.852 449.67 0.00 0.00 0.00
64.00 0.00 11.852 449.67 0.00 0.00 0.00
66.00 0.00 11.852 449.67 0.00 0.00 0.00
68.00 0.00 11.852 449.67 0.00 0.00 0.00
70.00 0.00 11.852 449.67 0.00 0.00 0.00
72.00 0.00 11.852 449.67 0.00 0.00 0.00
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Stage-Discharge for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.00 0.00 0.00
439.60 0.00 0.00 0.00
439.80 0.00 0.00 0.00
440.00 0.00 0.00 0.00
440.20 0.00 0.00 0.00
440.40 0.00 0.00 0.00
440.60 0.00 0.00 0.00
440.80 0.00 0.00 0.00
441.00 0.00 0.00 0.00
441.20 0.00 0.00 0.00
441.40 0.00 0.00 0.00
441.60 0.00 0.00 0.00
441.80 0.00 0.00 0.00
442.00 0.00 0.00 0.00
442.20 0.00 0.00 0.00
442.40 0.00 0.00 0.00
442.60 0.00 0.00 0.00
442.80 0.00 0.00 0.00
443.00 0.00 0.00 0.00
443.20 0.00 0.00 0.00
443.40 0.00 0.00 0.00
443.60 0.00 0.00 0.00
443.80 0.00 0.00 0.00
444.00 0.00 0.00 0.00
444.20 0.00 0.00 0.00
444.40 0.00 0.00 0.00
444.60 0.00 0.00 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.80 0.00 0.00 0.00
445.00 0.00 0.00 0.00
445.20 0.00 0.00 0.00
445.40 0.00 0.00 0.00
445.60 0.00 0.00 0.00
445.80 0.00 0.00 0.00
446.00 0.00 0.00 0.00
446.20 0.00 0.00 0.00
446.40 0.00 0.00 0.00
446.60 0.00 0.00 0.00
446.80 0.00 0.00 0.00
447.00 0.00 0.00 0.00
447.20 0.00 0.00 0.00
447.40 0.00 0.00 0.00
447.60 0.00 0.00 0.00
447.80 0.00 0.00 0.00
448.00 0.00 0.00 0.00
448.20 0.00 0.00 0.00
448.40 0.00 0.00 0.00
448.60 0.00 0.00 0.00
448.80 0.00 0.00 0.00
449.00 0.00 0.00 0.00
449.20 0.00 0.00 0.00
449.40 0.00 0.00 0.00
449.60 0.00 0.00 0.00
449.80 0.00 0.00 0.00
450.00 0.00 0.00 0.00
450.20 4.68 4.68 0.00
450.40 17.13 13.24 3.89
450.60 38.27 24.32 13.95
450.80 56.14 28.61 27.53
451.00 71.93 28.82 43.11
451.20 89.97 29.03 60.94
451.40 110.55 29.24 81.32



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 28HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Stage-Area-Storage for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521
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Summary for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 4.03"    for  25yr-24hr event
Inflow = 150.51 cfs @ 12.05 hrs,  Volume= 10.426 af
Outflow = 3.96 cfs @ 16.43 hrs,  Volume= 9.885 af,  Atten= 97%,  Lag= 263.0 min
Primary = 3.96 cfs @ 16.43 hrs,  Volume= 9.885 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 447.32' @ 16.43 hrs   Surf.Area= 1.269 ac   Storage= 8.622 af   (7.197 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= 1,350.0 min calculated for 8.459 af (81% of inflow)
Center-of-Mass det. time= 1,087.9 min ( 1,905.4 - 817.5 )

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 438.75' 18.0"  Round RCP_Round  18"

L= 100.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 438.75' / 436.75'   S= 0.0200 '/'   Cc= 0.900
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf

#2 Device 1 439.25' 0.734 cfs Constant Flow/Skimmer Phase-In= 0.50'
#3 Device 1 441.25' 1.5" Vert. Orifice/Grate X 5.00 columns

X 8 rows with 12.0" cc spacing C= 0.600
#4 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate  C= 0.600

Limited to weir flow at low heads
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#5 Secondary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63

Primary OutFlow  Max=3.97 cfs @ 16.43 hrs  HW=447.32'   (Free Discharge)
1=RCP_Round  18"  (Passes 3.97 cfs of 23.40 cfs potential flow)

2=Constant Flow/Skimmer  (Constant Controls 0.73 cfs)
3=Orifice/Grate  (Orifice Controls 3.23 cfs @ 8.05 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
5=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Total
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Discharge  (cfs)
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 RCP_Round  18" Constant Flow/Skimmer

 Orifice/Grate

 Orifice/Grate Broad-Crested Rectangular Weir

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Surface
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Hydrograph for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 1.425 439.25 0.00 0.00 0.00
2.00 0.00 1.425 439.25 0.00 0.00 0.00
4.00 0.01 1.425 439.25 0.00 0.00 0.00
6.00 0.09 1.432 439.26 0.02 0.02 0.00
8.00 0.62 1.470 439.34 0.12 0.12 0.00

10.00 2.40 1.646 439.67 0.61 0.61 0.00
12.00 141.10 4.112 443.13 1.40 1.40 0.00
14.00 7.16 8.347 447.10 3.82 3.82 0.00
16.00 4.31 8.617 447.31 3.96 3.96 0.00
18.00 3.29 8.580 447.28 3.93 3.93 0.00
20.00 2.42 8.409 447.15 3.85 3.85 0.00
22.00 2.17 8.157 446.94 3.73 3.73 0.00
24.00 2.00 7.897 446.73 3.59 3.59 0.00
26.00 0.00 7.366 446.29 3.22 3.22 0.00
28.00 0.00 6.855 445.85 2.97 2.97 0.00
30.00 0.00 6.386 445.43 2.69 2.69 0.00
32.00 0.00 5.966 445.04 2.43 2.43 0.00
34.00 0.00 5.579 444.67 2.25 2.25 0.00
36.00 0.00 5.227 444.32 2.00 2.00 0.00
38.00 0.00 4.910 444.00 1.85 1.85 0.00
40.00 0.00 4.616 443.68 1.71 1.71 0.00
42.00 0.00 4.346 443.39 1.54 1.54 0.00
44.00 0.00 4.106 443.12 1.40 1.40 0.00
46.00 0.00 3.882 442.86 1.32 1.32 0.00
48.00 0.00 3.670 442.61 1.23 1.23 0.00
50.00 0.00 3.476 442.38 1.11 1.11 0.00
52.00 0.00 3.303 442.16 1.01 1.01 0.00
54.00 0.00 3.140 441.95 0.97 0.97 0.00
56.00 0.00 2.983 441.74 0.93 0.93 0.00
58.00 0.00 2.834 441.54 0.87 0.87 0.00
60.00 0.00 2.697 441.34 0.79 0.79 0.00
62.00 0.00 2.573 441.17 0.73 0.73 0.00
64.00 0.00 2.452 440.99 0.73 0.73 0.00
66.00 0.00 2.331 440.80 0.73 0.73 0.00
68.00 0.00 2.209 440.62 0.73 0.73 0.00
70.00 0.00 2.088 440.42 0.73 0.73 0.00
72.00 0.00 1.967 440.22 0.73 0.73 0.00
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Stage-Discharge for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.22 0.22 0.00
439.60 0.51 0.51 0.00
439.80 0.73 0.73 0.00
440.00 0.73 0.73 0.00
440.20 0.73 0.73 0.00
440.40 0.73 0.73 0.00
440.60 0.73 0.73 0.00
440.80 0.73 0.73 0.00
441.00 0.73 0.73 0.00
441.20 0.73 0.73 0.00
441.40 0.82 0.82 0.00
441.60 0.89 0.89 0.00
441.80 0.94 0.94 0.00
442.00 0.98 0.98 0.00
442.20 1.01 1.01 0.00
442.40 1.13 1.13 0.00
442.60 1.23 1.23 0.00
442.80 1.30 1.30 0.00
443.00 1.36 1.36 0.00
443.20 1.42 1.42 0.00
443.40 1.56 1.56 0.00
443.60 1.67 1.67 0.00
443.80 1.77 1.77 0.00
444.00 1.85 1.85 0.00
444.20 1.92 1.92 0.00
444.40 2.08 2.08 0.00
444.60 2.21 2.21 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.80 2.32 2.32 0.00
445.00 2.41 2.41 0.00
445.20 2.50 2.50 0.00
445.40 2.67 2.67 0.00
445.60 2.82 2.82 0.00
445.80 2.94 2.94 0.00
446.00 3.05 3.05 0.00
446.20 3.16 3.16 0.00
446.40 3.34 3.34 0.00
446.60 3.50 3.50 0.00
446.80 3.64 3.64 0.00
447.00 3.76 3.76 0.00
447.20 3.87 3.87 0.00
447.40 4.07 4.07 0.00
447.60 4.24 4.24 0.00
447.80 4.39 4.39 0.00
448.00 4.52 4.52 0.00
448.20 4.65 4.65 0.00
448.40 4.85 4.85 0.00
448.60 5.04 5.04 0.00
448.80 5.20 5.20 0.00
449.00 5.34 5.34 0.00
449.20 5.48 5.48 0.00
449.40 5.61 5.61 0.00
449.60 5.73 5.73 0.00
449.80 5.85 5.85 0.00
450.00 5.97 5.97 0.00
450.20 10.76 10.76 0.00
450.40 23.32 19.43 3.89
450.60 41.27 27.32 13.95
450.80 55.07 27.54 27.53
451.00 70.87 27.75 43.11
451.20 88.91 27.97 60.94
451.40 109.50 28.19 81.32
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Stage-Area-Storage for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521
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Summary for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 4.03"    for  25yr-24hr event
Inflow = 150.51 cfs @ 12.05 hrs,  Volume= 10.426 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 449.67' @ 24.94 hrs   Surf.Area= 1.471 ac   Storage= 11.851 af   (10.426 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
1=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Inflow
Primary

Hydrograph

Time  (hours)
7065605550454035302520151050
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Inflow Area=31.050 ac
Peak Elev=449.67'
Storage=11.851 af

150.51 cfs

0.00 cfs

Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Primary

Stage-Discharge

Discharge  (cfs)
806040200
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 Broad-Crested Rectangular Weir
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Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Surface
Storage

Stage-Area-Storage

Storage (acre-feet)
14121086420

Surface/Horizontal/Wetted Area (acres)
10

El
ev

at
io

n
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450
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 Starting Elevation

 Flood Elevation

 Sediment Basin
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Hydrograph for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Primary
(cfs)

0.00 0.00 1.425 439.25 0.00
2.00 0.00 1.425 439.25 0.00
4.00 0.01 1.425 439.25 0.00
6.00 0.09 1.434 439.27 0.00
8.00 0.62 1.480 439.35 0.00

10.00 2.40 1.710 439.78 0.00
12.00 141.10 4.300 443.34 0.00
14.00 7.16 9.093 447.68 0.00
16.00 4.31 10.008 448.37 0.00
18.00 3.29 10.625 448.82 0.00
20.00 2.42 11.097 449.15 0.00
22.00 2.17 11.471 449.41 0.00
24.00 2.00 11.816 449.65 0.00
26.00 0.00 11.852 449.67 0.00
28.00 0.00 11.852 449.67 0.00
30.00 0.00 11.852 449.67 0.00
32.00 0.00 11.852 449.67 0.00
34.00 0.00 11.852 449.67 0.00
36.00 0.00 11.852 449.67 0.00
38.00 0.00 11.852 449.67 0.00
40.00 0.00 11.852 449.67 0.00
42.00 0.00 11.852 449.67 0.00
44.00 0.00 11.852 449.67 0.00
46.00 0.00 11.852 449.67 0.00
48.00 0.00 11.852 449.67 0.00
50.00 0.00 11.852 449.67 0.00
52.00 0.00 11.852 449.67 0.00
54.00 0.00 11.852 449.67 0.00
56.00 0.00 11.852 449.67 0.00
58.00 0.00 11.852 449.67 0.00
60.00 0.00 11.852 449.67 0.00
62.00 0.00 11.852 449.67 0.00
64.00 0.00 11.852 449.67 0.00
66.00 0.00 11.852 449.67 0.00
68.00 0.00 11.852 449.67 0.00
70.00 0.00 11.852 449.67 0.00
72.00 0.00 11.852 449.67 0.00
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Stage-Discharge for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Elevation
(feet)

Primary
(cfs)

434.00 0.00
434.20 0.00
434.40 0.00
434.60 0.00
434.80 0.00
435.00 0.00
435.20 0.00
435.40 0.00
435.60 0.00
435.80 0.00
436.00 0.00
436.20 0.00
436.40 0.00
436.60 0.00
436.80 0.00
437.00 0.00
437.20 0.00
437.40 0.00
437.60 0.00
437.80 0.00
438.00 0.00
438.20 0.00
438.40 0.00
438.60 0.00
438.80 0.00
439.00 0.00
439.20 0.00
439.40 0.00
439.60 0.00
439.80 0.00
440.00 0.00
440.20 0.00
440.40 0.00
440.60 0.00
440.80 0.00
441.00 0.00
441.20 0.00
441.40 0.00
441.60 0.00
441.80 0.00
442.00 0.00
442.20 0.00
442.40 0.00
442.60 0.00
442.80 0.00
443.00 0.00
443.20 0.00
443.40 0.00
443.60 0.00
443.80 0.00
444.00 0.00
444.20 0.00
444.40 0.00
444.60 0.00

Elevation
(feet)

Primary
(cfs)

444.80 0.00
445.00 0.00
445.20 0.00
445.40 0.00
445.60 0.00
445.80 0.00
446.00 0.00
446.20 0.00
446.40 0.00
446.60 0.00
446.80 0.00
447.00 0.00
447.20 0.00
447.40 0.00
447.60 0.00
447.80 0.00
448.00 0.00
448.20 0.00
448.40 0.00
448.60 0.00
448.80 0.00
449.00 0.00
449.20 0.00
449.40 0.00
449.60 0.00
449.80 0.00
450.00 0.00
450.20 0.00
450.40 3.89
450.60 13.95
450.80 27.53
451.00 43.11
451.20 60.94
451.40 81.32
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Stage-Area-Storage for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521



ATTACHMENT C
HydroCAD report for Sediment Basin - 24-hr, 100-yr storm



21S

North Sed. Basin Culvert

22S

South Sed. Basin
 Culvert

23S

Sed. Basin

26S

Sed. Basin

29S

Sed. Basin

30S

North Sed. Basin Culvert

31S

South Sed. Basin
 Culvert

32S

North Sed. Basin Culvert

33S

South Sed. Basin
 Culvert

5P

Sediment Pond (WSE
 439.25) Primary

 Spillway Design (No
 WQ)

20P

Sediment Pond (WSE
 439.25) Full Operation

27P

Sediment Pond (WSE
 439.25) Emergency
 Design (No WQ No

 Primary)

Routing Diagram for Sediment Basin
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Subcatchment 21S: North Sed. Basin Culvert

Runoff = 116.02 cfs @ 12.06 hrs,  Volume= 7.331 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 21S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=15.990 ac
Runoff Volume=7.331 af

Runoff Depth=5.50"
Flow Length=2,842'

Tc=14.0 min
CN=78

116.02 cfs



Type II 24-hr  100yr-24hr Rainfall=8.12"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 4HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 21S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.09
7.00 0.80 0.02 0.34
8.00 0.97 0.05 0.62
9.00 1.19 0.11 1.21

10.00 1.47 0.22 1.95
11.00 1.91 0.43 4.27
12.00 5.38 3.04 102.67
13.00 6.27 3.82 8.42
14.00 6.66 4.17 4.86
15.00 6.93 4.41 3.73
16.00 7.15 4.61 2.92
17.00 7.32 4.77 2.52
18.00 7.48 4.91 2.22
19.00 7.61 5.04 1.93
20.00 7.73 5.14 1.63
21.00 7.83 5.24 1.52
22.00 7.93 5.33 1.46
23.00 8.03 5.42 1.41
24.00 8.12 5.50 1.35
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Subcatchment 22S: South Sed. Basin Culvert

Runoff = 81.07 cfs @ 12.08 hrs,  Volume= 5.530 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 22S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=12.060 ac
Runoff Volume=5.530 af

Runoff Depth=5.50"
Flow Length=2,770'

Tc=16.5 min
CN=78

81.07 cfs
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Hydrograph for Subcatchment 22S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.06
7.00 0.80 0.02 0.25
8.00 0.97 0.05 0.46
9.00 1.19 0.11 0.89

10.00 1.47 0.22 1.43
11.00 1.91 0.43 3.12
12.00 5.38 3.04 65.37
13.00 6.27 3.82 6.58
14.00 6.66 4.17 3.74
15.00 6.93 4.41 2.84
16.00 7.15 4.61 2.23
17.00 7.32 4.77 1.91
18.00 7.48 4.91 1.68
19.00 7.61 5.04 1.46
20.00 7.73 5.14 1.24
21.00 7.83 5.24 1.15
22.00 7.93 5.33 1.10
23.00 8.03 5.42 1.06
24.00 8.12 5.50 1.02
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Subcatchment 23S: Sed. Basin

Runoff = 33.72 cfs @ 11.96 hrs,  Volume= 1.671 af,  Depth= 6.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 23S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=3.000 ac
Runoff Volume=1.671 af

Runoff Depth=6.69"
Tc=5.0 min

CN=88

33.72 cfs
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Hydrograph for Subcatchment 23S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.01 0.05
5.00 0.51 0.04 0.10
6.00 0.65 0.08 0.17
7.00 0.80 0.15 0.23
8.00 0.97 0.24 0.30
9.00 1.19 0.37 0.49

10.00 1.47 0.56 0.68
11.00 1.91 0.89 1.33
12.00 5.38 4.03 28.04
13.00 6.27 4.88 1.54
14.00 6.66 5.26 0.92
15.00 6.93 5.53 0.73
16.00 7.15 5.73 0.56
17.00 7.32 5.91 0.49
18.00 7.48 6.06 0.44
19.00 7.61 6.19 0.38
20.00 7.73 6.30 0.32
21.00 7.83 6.41 0.30
22.00 7.93 6.50 0.29
23.00 8.03 6.60 0.28
24.00 8.12 6.69 0.27
25.00 8.12 6.69 0.00
26.00 8.12 6.69 0.00
27.00 8.12 6.69 0.00
28.00 8.12 6.69 0.00
29.00 8.12 6.69 0.00
30.00 8.12 6.69 0.00
31.00 8.12 6.69 0.00
32.00 8.12 6.69 0.00
33.00 8.12 6.69 0.00
34.00 8.12 6.69 0.00
35.00 8.12 6.69 0.00
36.00 8.12 6.69 0.00
37.00 8.12 6.69 0.00
38.00 8.12 6.69 0.00
39.00 8.12 6.69 0.00
40.00 8.12 6.69 0.00
41.00 8.12 6.69 0.00
42.00 8.12 6.69 0.00
43.00 8.12 6.69 0.00
44.00 8.12 6.69 0.00
45.00 8.12 6.69 0.00
46.00 8.12 6.69 0.00
47.00 8.12 6.69 0.00
48.00 8.12 6.69 0.00
49.00 8.12 6.69 0.00
50.00 8.12 6.69 0.00
51.00 8.12 6.69 0.00
52.00 8.12 6.69 0.00
53.00 8.12 6.69 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 6.69 0.00
55.00 8.12 6.69 0.00
56.00 8.12 6.69 0.00
57.00 8.12 6.69 0.00
58.00 8.12 6.69 0.00
59.00 8.12 6.69 0.00
60.00 8.12 6.69 0.00
61.00 8.12 6.69 0.00
62.00 8.12 6.69 0.00
63.00 8.12 6.69 0.00
64.00 8.12 6.69 0.00
65.00 8.12 6.69 0.00
66.00 8.12 6.69 0.00
67.00 8.12 6.69 0.00
68.00 8.12 6.69 0.00
69.00 8.12 6.69 0.00
70.00 8.12 6.69 0.00
71.00 8.12 6.69 0.00
72.00 8.12 6.69 0.00
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Summary for Subcatchment 26S: Sed. Basin

Runoff = 33.72 cfs @ 11.96 hrs,  Volume= 1.671 af,  Depth= 6.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 26S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=3.000 ac
Runoff Volume=1.671 af

Runoff Depth=6.69"
Tc=5.0 min

CN=88

33.72 cfs
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Hydrograph for Subcatchment 26S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.01 0.05
5.00 0.51 0.04 0.10
6.00 0.65 0.08 0.17
7.00 0.80 0.15 0.23
8.00 0.97 0.24 0.30
9.00 1.19 0.37 0.49

10.00 1.47 0.56 0.68
11.00 1.91 0.89 1.33
12.00 5.38 4.03 28.04
13.00 6.27 4.88 1.54
14.00 6.66 5.26 0.92
15.00 6.93 5.53 0.73
16.00 7.15 5.73 0.56
17.00 7.32 5.91 0.49
18.00 7.48 6.06 0.44
19.00 7.61 6.19 0.38
20.00 7.73 6.30 0.32
21.00 7.83 6.41 0.30
22.00 7.93 6.50 0.29
23.00 8.03 6.60 0.28
24.00 8.12 6.69 0.27
25.00 8.12 6.69 0.00
26.00 8.12 6.69 0.00
27.00 8.12 6.69 0.00
28.00 8.12 6.69 0.00
29.00 8.12 6.69 0.00
30.00 8.12 6.69 0.00
31.00 8.12 6.69 0.00
32.00 8.12 6.69 0.00
33.00 8.12 6.69 0.00
34.00 8.12 6.69 0.00
35.00 8.12 6.69 0.00
36.00 8.12 6.69 0.00
37.00 8.12 6.69 0.00
38.00 8.12 6.69 0.00
39.00 8.12 6.69 0.00
40.00 8.12 6.69 0.00
41.00 8.12 6.69 0.00
42.00 8.12 6.69 0.00
43.00 8.12 6.69 0.00
44.00 8.12 6.69 0.00
45.00 8.12 6.69 0.00
46.00 8.12 6.69 0.00
47.00 8.12 6.69 0.00
48.00 8.12 6.69 0.00
49.00 8.12 6.69 0.00
50.00 8.12 6.69 0.00
51.00 8.12 6.69 0.00
52.00 8.12 6.69 0.00
53.00 8.12 6.69 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 6.69 0.00
55.00 8.12 6.69 0.00
56.00 8.12 6.69 0.00
57.00 8.12 6.69 0.00
58.00 8.12 6.69 0.00
59.00 8.12 6.69 0.00
60.00 8.12 6.69 0.00
61.00 8.12 6.69 0.00
62.00 8.12 6.69 0.00
63.00 8.12 6.69 0.00
64.00 8.12 6.69 0.00
65.00 8.12 6.69 0.00
66.00 8.12 6.69 0.00
67.00 8.12 6.69 0.00
68.00 8.12 6.69 0.00
69.00 8.12 6.69 0.00
70.00 8.12 6.69 0.00
71.00 8.12 6.69 0.00
72.00 8.12 6.69 0.00
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Summary for Subcatchment 29S: Sed. Basin

Runoff = 33.72 cfs @ 11.96 hrs,  Volume= 1.671 af,  Depth= 6.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 29S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=3.000 ac
Runoff Volume=1.671 af

Runoff Depth=6.69"
Tc=5.0 min

CN=88

33.72 cfs
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Hydrograph for Subcatchment 29S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.01 0.05
5.00 0.51 0.04 0.10
6.00 0.65 0.08 0.17
7.00 0.80 0.15 0.23
8.00 0.97 0.24 0.30
9.00 1.19 0.37 0.49

10.00 1.47 0.56 0.68
11.00 1.91 0.89 1.33
12.00 5.38 4.03 28.04
13.00 6.27 4.88 1.54
14.00 6.66 5.26 0.92
15.00 6.93 5.53 0.73
16.00 7.15 5.73 0.56
17.00 7.32 5.91 0.49
18.00 7.48 6.06 0.44
19.00 7.61 6.19 0.38
20.00 7.73 6.30 0.32
21.00 7.83 6.41 0.30
22.00 7.93 6.50 0.29
23.00 8.03 6.60 0.28
24.00 8.12 6.69 0.27
25.00 8.12 6.69 0.00
26.00 8.12 6.69 0.00
27.00 8.12 6.69 0.00
28.00 8.12 6.69 0.00
29.00 8.12 6.69 0.00
30.00 8.12 6.69 0.00
31.00 8.12 6.69 0.00
32.00 8.12 6.69 0.00
33.00 8.12 6.69 0.00
34.00 8.12 6.69 0.00
35.00 8.12 6.69 0.00
36.00 8.12 6.69 0.00
37.00 8.12 6.69 0.00
38.00 8.12 6.69 0.00
39.00 8.12 6.69 0.00
40.00 8.12 6.69 0.00
41.00 8.12 6.69 0.00
42.00 8.12 6.69 0.00
43.00 8.12 6.69 0.00
44.00 8.12 6.69 0.00
45.00 8.12 6.69 0.00
46.00 8.12 6.69 0.00
47.00 8.12 6.69 0.00
48.00 8.12 6.69 0.00
49.00 8.12 6.69 0.00
50.00 8.12 6.69 0.00
51.00 8.12 6.69 0.00
52.00 8.12 6.69 0.00
53.00 8.12 6.69 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 6.69 0.00
55.00 8.12 6.69 0.00
56.00 8.12 6.69 0.00
57.00 8.12 6.69 0.00
58.00 8.12 6.69 0.00
59.00 8.12 6.69 0.00
60.00 8.12 6.69 0.00
61.00 8.12 6.69 0.00
62.00 8.12 6.69 0.00
63.00 8.12 6.69 0.00
64.00 8.12 6.69 0.00
65.00 8.12 6.69 0.00
66.00 8.12 6.69 0.00
67.00 8.12 6.69 0.00
68.00 8.12 6.69 0.00
69.00 8.12 6.69 0.00
70.00 8.12 6.69 0.00
71.00 8.12 6.69 0.00
72.00 8.12 6.69 0.00
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Summary for Subcatchment 30S: North Sed. Basin Culvert

Runoff = 116.02 cfs @ 12.06 hrs,  Volume= 7.331 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 30S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=15.990 ac
Runoff Volume=7.331 af

Runoff Depth=5.50"
Flow Length=2,842'

Tc=14.0 min
CN=78

116.02 cfs
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Hydrograph for Subcatchment 30S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.09
7.00 0.80 0.02 0.34
8.00 0.97 0.05 0.62
9.00 1.19 0.11 1.21

10.00 1.47 0.22 1.95
11.00 1.91 0.43 4.27
12.00 5.38 3.04 102.67
13.00 6.27 3.82 8.42
14.00 6.66 4.17 4.86
15.00 6.93 4.41 3.73
16.00 7.15 4.61 2.92
17.00 7.32 4.77 2.52
18.00 7.48 4.91 2.22
19.00 7.61 5.04 1.93
20.00 7.73 5.14 1.63
21.00 7.83 5.24 1.52
22.00 7.93 5.33 1.46
23.00 8.03 5.42 1.41
24.00 8.12 5.50 1.35
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Subcatchment 31S: South Sed. Basin Culvert

Runoff = 81.07 cfs @ 12.08 hrs,  Volume= 5.530 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 31S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=12.060 ac
Runoff Volume=5.530 af

Runoff Depth=5.50"
Flow Length=2,770'

Tc=16.5 min
CN=78

81.07 cfs
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Hydrograph for Subcatchment 31S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.06
7.00 0.80 0.02 0.25
8.00 0.97 0.05 0.46
9.00 1.19 0.11 0.89

10.00 1.47 0.22 1.43
11.00 1.91 0.43 3.12
12.00 5.38 3.04 65.37
13.00 6.27 3.82 6.58
14.00 6.66 4.17 3.74
15.00 6.93 4.41 2.84
16.00 7.15 4.61 2.23
17.00 7.32 4.77 1.91
18.00 7.48 4.91 1.68
19.00 7.61 5.04 1.46
20.00 7.73 5.14 1.24
21.00 7.83 5.24 1.15
22.00 7.93 5.33 1.10
23.00 8.03 5.42 1.06
24.00 8.12 5.50 1.02
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Subcatchment 32S: North Sed. Basin Culvert

Runoff = 116.02 cfs @ 12.06 hrs,  Volume= 7.331 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 32S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=15.990 ac
Runoff Volume=7.331 af

Runoff Depth=5.50"
Flow Length=2,842'

Tc=14.0 min
CN=78

116.02 cfs
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Hydrograph for Subcatchment 32S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.09
7.00 0.80 0.02 0.34
8.00 0.97 0.05 0.62
9.00 1.19 0.11 1.21

10.00 1.47 0.22 1.95
11.00 1.91 0.43 4.27
12.00 5.38 3.04 102.67
13.00 6.27 3.82 8.42
14.00 6.66 4.17 4.86
15.00 6.93 4.41 3.73
16.00 7.15 4.61 2.92
17.00 7.32 4.77 2.52
18.00 7.48 4.91 2.22
19.00 7.61 5.04 1.93
20.00 7.73 5.14 1.63
21.00 7.83 5.24 1.52
22.00 7.93 5.33 1.46
23.00 8.03 5.42 1.41
24.00 8.12 5.50 1.35
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Subcatchment 33S: South Sed. Basin Culvert

Runoff = 81.07 cfs @ 12.08 hrs,  Volume= 5.530 af,  Depth= 5.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  100yr-24hr Rainfall=8.12"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 33S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100yr-24hr Rainfall=8.12"

Runoff Area=12.060 ac
Runoff Volume=5.530 af

Runoff Depth=5.50"
Flow Length=2,770'

Tc=16.5 min
CN=78

81.07 cfs
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Hydrograph for Subcatchment 33S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.09 0.00 0.00
2.00 0.18 0.00 0.00
3.00 0.28 0.00 0.00
4.00 0.39 0.00 0.00
5.00 0.51 0.00 0.00
6.00 0.65 0.00 0.06
7.00 0.80 0.02 0.25
8.00 0.97 0.05 0.46
9.00 1.19 0.11 0.89

10.00 1.47 0.22 1.43
11.00 1.91 0.43 3.12
12.00 5.38 3.04 65.37
13.00 6.27 3.82 6.58
14.00 6.66 4.17 3.74
15.00 6.93 4.41 2.84
16.00 7.15 4.61 2.23
17.00 7.32 4.77 1.91
18.00 7.48 4.91 1.68
19.00 7.61 5.04 1.46
20.00 7.73 5.14 1.24
21.00 7.83 5.24 1.15
22.00 7.93 5.33 1.10
23.00 8.03 5.42 1.06
24.00 8.12 5.50 1.02
25.00 8.12 5.50 0.00
26.00 8.12 5.50 0.00
27.00 8.12 5.50 0.00
28.00 8.12 5.50 0.00
29.00 8.12 5.50 0.00
30.00 8.12 5.50 0.00
31.00 8.12 5.50 0.00
32.00 8.12 5.50 0.00
33.00 8.12 5.50 0.00
34.00 8.12 5.50 0.00
35.00 8.12 5.50 0.00
36.00 8.12 5.50 0.00
37.00 8.12 5.50 0.00
38.00 8.12 5.50 0.00
39.00 8.12 5.50 0.00
40.00 8.12 5.50 0.00
41.00 8.12 5.50 0.00
42.00 8.12 5.50 0.00
43.00 8.12 5.50 0.00
44.00 8.12 5.50 0.00
45.00 8.12 5.50 0.00
46.00 8.12 5.50 0.00
47.00 8.12 5.50 0.00
48.00 8.12 5.50 0.00
49.00 8.12 5.50 0.00
50.00 8.12 5.50 0.00
51.00 8.12 5.50 0.00
52.00 8.12 5.50 0.00
53.00 8.12 5.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 8.12 5.50 0.00
55.00 8.12 5.50 0.00
56.00 8.12 5.50 0.00
57.00 8.12 5.50 0.00
58.00 8.12 5.50 0.00
59.00 8.12 5.50 0.00
60.00 8.12 5.50 0.00
61.00 8.12 5.50 0.00
62.00 8.12 5.50 0.00
63.00 8.12 5.50 0.00
64.00 8.12 5.50 0.00
65.00 8.12 5.50 0.00
66.00 8.12 5.50 0.00
67.00 8.12 5.50 0.00
68.00 8.12 5.50 0.00
69.00 8.12 5.50 0.00
70.00 8.12 5.50 0.00
71.00 8.12 5.50 0.00
72.00 8.12 5.50 0.00
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Summary for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 5.62"    for  100yr-24hr event
Inflow = 208.46 cfs @ 12.05 hrs,  Volume= 14.532 af
Outflow = 6.57 cfs @ 15.46 hrs,  Volume= 3.623 af,  Atten= 97%,  Lag= 204.6 min
Primary = 6.57 cfs @ 15.46 hrs,  Volume= 3.623 af
Secondary = 0.01 cfs @ 15.46 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 450.25' @ 15.46 hrs   Surf.Area= 1.520 ac   Storage= 12.713 af   (11.288 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= 616.5 min calculated for 2.197 af (15% of inflow)
Center-of-Mass det. time= 321.3 min ( 1,129.5 - 808.2 )

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 437.75' 18.0"  Round RCP_Round  18"

L= 100.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 437.75' / 435.75'   S= 0.0200 '/'   Cc= 0.900
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf

#2 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate  C= 0.600
Limited to weir flow at low heads

#3 Secondary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63
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Primary OutFlow  Max=6.57 cfs @ 15.46 hrs  HW=450.25'   (Free Discharge)
1=RCP_Round  18"  (Passes 6.57 cfs of 28.03 cfs potential flow)

2=Orifice/Grate  (Weir Controls 6.57 cfs @ 1.64 fps)

Secondary OutFlow  Max=0.00 cfs @ 15.46 hrs  HW=450.25'   (Free Discharge)
3=Broad-Crested Rectangular Weir  (Weir Controls 0.00 cfs @ 0.07 fps)

Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Inflow
Outflow
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Secondary

Hydrograph

Time  (hours)
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Inflow Area=31.050 ac
Peak Elev=450.25'
Storage=12.713 af

208.46 cfs

6.57 cfs6.57 cfs0.01 cfs
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Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Total
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Discharge  (cfs)
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 RCP_Round  18"

 Orifice/Grate Broad-Crested Rectangular Weir

Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Surface
Storage

Stage-Area-Storage

Storage (acre-feet)
14121086420

Surface/Horizontal/Wetted Area (acres)
10

El
ev

at
io

n
(fe

et
)

450
448
446
444
442
440
438
436
434

 Starting Elevation

 Flood Elevation

 Sediment Basin



Type II 24-hr  100yr-24hr Rainfall=8.12"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 26HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Hydrograph for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 1.425 439.25 0.00 0.00 0.00
2.00 0.00 1.425 439.25 0.00 0.00 0.00
4.00 0.05 1.427 439.25 0.00 0.00 0.00
6.00 0.31 1.447 439.29 0.00 0.00 0.00
8.00 1.38 1.583 439.55 0.00 0.00 0.00

10.00 4.05 2.006 440.29 0.00 0.00 0.00
12.00 196.07 5.787 444.87 0.00 0.00 0.00
14.00 9.51 12.315 449.99 0.00 0.00 0.00
16.00 5.71 12.699 450.24 6.26 6.26 0.00
18.00 4.34 12.626 450.19 4.68 4.68 0.00
20.00 3.19 12.572 450.16 3.51 3.51 0.00
22.00 2.86 12.545 450.14 2.93 2.93 0.00
24.00 2.63 12.534 450.13 2.69 2.69 0.00
26.00 0.00 12.373 450.03 0.42 0.42 0.00
28.00 0.00 12.341 450.00 0.07 0.07 0.00
30.00 0.00 12.336 450.00 0.01 0.01 0.00
32.00 0.00 12.335 450.00 0.00 0.00 0.00
34.00 0.00 12.335 450.00 0.00 0.00 0.00
36.00 0.00 12.335 450.00 0.00 0.00 0.00
38.00 0.00 12.335 450.00 0.00 0.00 0.00
40.00 0.00 12.335 450.00 0.00 0.00 0.00
42.00 0.00 12.335 450.00 0.00 0.00 0.00
44.00 0.00 12.335 450.00 0.00 0.00 0.00
46.00 0.00 12.335 450.00 0.00 0.00 0.00
48.00 0.00 12.335 450.00 0.00 0.00 0.00
50.00 0.00 12.335 450.00 0.00 0.00 0.00
52.00 0.00 12.335 450.00 0.00 0.00 0.00
54.00 0.00 12.335 450.00 0.00 0.00 0.00
56.00 0.00 12.335 450.00 0.00 0.00 0.00
58.00 0.00 12.335 450.00 0.00 0.00 0.00
60.00 0.00 12.335 450.00 0.00 0.00 0.00
62.00 0.00 12.335 450.00 0.00 0.00 0.00
64.00 0.00 12.335 450.00 0.00 0.00 0.00
66.00 0.00 12.335 450.00 0.00 0.00 0.00
68.00 0.00 12.335 450.00 0.00 0.00 0.00
70.00 0.00 12.335 450.00 0.00 0.00 0.00
72.00 0.00 12.335 450.00 0.00 0.00 0.00



Type II 24-hr  100yr-24hr Rainfall=8.12"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 27HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Stage-Discharge for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.00 0.00 0.00
439.60 0.00 0.00 0.00
439.80 0.00 0.00 0.00
440.00 0.00 0.00 0.00
440.20 0.00 0.00 0.00
440.40 0.00 0.00 0.00
440.60 0.00 0.00 0.00
440.80 0.00 0.00 0.00
441.00 0.00 0.00 0.00
441.20 0.00 0.00 0.00
441.40 0.00 0.00 0.00
441.60 0.00 0.00 0.00
441.80 0.00 0.00 0.00
442.00 0.00 0.00 0.00
442.20 0.00 0.00 0.00
442.40 0.00 0.00 0.00
442.60 0.00 0.00 0.00
442.80 0.00 0.00 0.00
443.00 0.00 0.00 0.00
443.20 0.00 0.00 0.00
443.40 0.00 0.00 0.00
443.60 0.00 0.00 0.00
443.80 0.00 0.00 0.00
444.00 0.00 0.00 0.00
444.20 0.00 0.00 0.00
444.40 0.00 0.00 0.00
444.60 0.00 0.00 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.80 0.00 0.00 0.00
445.00 0.00 0.00 0.00
445.20 0.00 0.00 0.00
445.40 0.00 0.00 0.00
445.60 0.00 0.00 0.00
445.80 0.00 0.00 0.00
446.00 0.00 0.00 0.00
446.20 0.00 0.00 0.00
446.40 0.00 0.00 0.00
446.60 0.00 0.00 0.00
446.80 0.00 0.00 0.00
447.00 0.00 0.00 0.00
447.20 0.00 0.00 0.00
447.40 0.00 0.00 0.00
447.60 0.00 0.00 0.00
447.80 0.00 0.00 0.00
448.00 0.00 0.00 0.00
448.20 0.00 0.00 0.00
448.40 0.00 0.00 0.00
448.60 0.00 0.00 0.00
448.80 0.00 0.00 0.00
449.00 0.00 0.00 0.00
449.20 0.00 0.00 0.00
449.40 0.00 0.00 0.00
449.60 0.00 0.00 0.00
449.80 0.00 0.00 0.00
450.00 0.00 0.00 0.00
450.20 4.68 4.68 0.00
450.40 17.13 13.24 3.89
450.60 38.27 24.32 13.95
450.80 56.14 28.61 27.53
451.00 71.93 28.82 43.11
451.20 89.97 29.03 60.94
451.40 110.55 29.24 81.32
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Stage-Area-Storage for Pond 5P: Sediment Pond (WSE 439.25) Primary Spillway Design (No WQ)

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521
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Summary for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 5.62"    for  100yr-24hr event
Inflow = 208.46 cfs @ 12.05 hrs,  Volume= 14.532 af
Outflow = 5.64 cfs @ 16.04 hrs,  Volume= 13.573 af,  Atten= 97%,  Lag= 239.8 min
Primary = 5.64 cfs @ 16.04 hrs,  Volume= 13.573 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 449.44' @ 16.04 hrs   Surf.Area= 1.450 ac   Storage= 11.515 af   (10.090 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= 1,243.7 min calculated for 12.146 af (84% of inflow)
Center-of-Mass det. time= 1,044.2 min ( 1,852.4 - 808.2 )

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 438.75' 18.0"  Round RCP_Round  18"

L= 100.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 438.75' / 436.75'   S= 0.0200 '/'   Cc= 0.900
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf

#2 Device 1 439.25' 0.734 cfs Constant Flow/Skimmer Phase-In= 0.50'
#3 Device 1 441.25' 1.5" Vert. Orifice/Grate X 5.00 columns

X 8 rows with 12.0" cc spacing C= 0.600
#4 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate  C= 0.600

Limited to weir flow at low heads
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#5 Secondary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63

Primary OutFlow  Max=5.64 cfs @ 16.04 hrs  HW=449.44'   (Free Discharge)
1=RCP_Round  18"  (Passes 5.64 cfs of 26.01 cfs potential flow)

2=Constant Flow/Skimmer  (Constant Controls 0.73 cfs)
3=Orifice/Grate  (Orifice Controls 4.90 cfs @ 9.98 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
5=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
7065605550454035302520151050
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220
200
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100

80
60
40
20

0

Inflow Area=31.050 ac
Peak Elev=449.44'
Storage=11.515 af

208.46 cfs

5.64 cfs5.64 cfs0.00 cfs
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Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Total
Primary
Secondary

Stage-Discharge

Discharge  (cfs)
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 RCP_Round  18" Constant Flow/Skimmer

 Orifice/Grate

 Orifice/Grate Broad-Crested Rectangular Weir

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Surface
Storage

Stage-Area-Storage

Storage (acre-feet)
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Surface/Horizontal/Wetted Area (acres)
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Hydrograph for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 1.425 439.25 0.00 0.00 0.00
2.00 0.00 1.425 439.25 0.00 0.00 0.00
4.00 0.05 1.427 439.25 0.01 0.01 0.00
6.00 0.31 1.443 439.28 0.05 0.05 0.00
8.00 1.38 1.551 439.49 0.35 0.35 0.00

10.00 4.05 1.873 440.07 0.73 0.73 0.00
12.00 196.07 5.514 444.60 2.21 2.21 0.00
14.00 9.51 11.227 449.24 5.51 5.51 0.00
16.00 5.71 11.515 449.44 5.63 5.63 0.00
18.00 4.34 11.401 449.37 5.59 5.59 0.00
20.00 3.19 11.110 449.16 5.45 5.45 0.00
22.00 2.86 10.717 448.88 5.26 5.26 0.00
24.00 2.63 10.319 448.60 5.04 5.04 0.00
26.00 0.00 9.575 448.05 4.55 4.55 0.00
28.00 0.00 8.854 447.50 4.16 4.16 0.00
30.00 0.00 8.205 446.98 3.75 3.75 0.00
32.00 0.00 7.612 446.50 3.42 3.42 0.00
34.00 0.00 7.079 446.04 3.08 3.08 0.00
36.00 0.00 6.590 445.61 2.83 2.83 0.00
38.00 0.00 6.149 445.21 2.51 2.51 0.00
40.00 0.00 5.748 444.83 2.33 2.33 0.00
42.00 0.00 5.379 444.47 2.12 2.12 0.00
44.00 0.00 5.049 444.14 1.90 1.90 0.00
46.00 0.00 4.745 443.82 1.78 1.78 0.00
48.00 0.00 4.463 443.52 1.63 1.63 0.00
50.00 0.00 4.211 443.24 1.43 1.43 0.00
52.00 0.00 3.981 442.98 1.36 1.36 0.00
54.00 0.00 3.763 442.72 1.27 1.27 0.00
56.00 0.00 3.561 442.48 1.17 1.17 0.00
58.00 0.00 3.378 442.25 1.03 1.03 0.00
60.00 0.00 3.212 442.04 0.99 0.99 0.00
62.00 0.00 3.052 441.83 0.95 0.95 0.00
64.00 0.00 2.900 441.63 0.90 0.90 0.00
66.00 0.00 2.757 441.43 0.83 0.83 0.00
68.00 0.00 2.628 441.25 0.73 0.73 0.00
70.00 0.00 2.506 441.07 0.73 0.73 0.00
72.00 0.00 2.385 440.89 0.73 0.73 0.00
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Stage-Discharge for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.22 0.22 0.00
439.60 0.51 0.51 0.00
439.80 0.73 0.73 0.00
440.00 0.73 0.73 0.00
440.20 0.73 0.73 0.00
440.40 0.73 0.73 0.00
440.60 0.73 0.73 0.00
440.80 0.73 0.73 0.00
441.00 0.73 0.73 0.00
441.20 0.73 0.73 0.00
441.40 0.82 0.82 0.00
441.60 0.89 0.89 0.00
441.80 0.94 0.94 0.00
442.00 0.98 0.98 0.00
442.20 1.01 1.01 0.00
442.40 1.13 1.13 0.00
442.60 1.23 1.23 0.00
442.80 1.30 1.30 0.00
443.00 1.36 1.36 0.00
443.20 1.42 1.42 0.00
443.40 1.56 1.56 0.00
443.60 1.67 1.67 0.00
443.80 1.77 1.77 0.00
444.00 1.85 1.85 0.00
444.20 1.92 1.92 0.00
444.40 2.08 2.08 0.00
444.60 2.21 2.21 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.80 2.32 2.32 0.00
445.00 2.41 2.41 0.00
445.20 2.50 2.50 0.00
445.40 2.67 2.67 0.00
445.60 2.82 2.82 0.00
445.80 2.94 2.94 0.00
446.00 3.05 3.05 0.00
446.20 3.16 3.16 0.00
446.40 3.34 3.34 0.00
446.60 3.50 3.50 0.00
446.80 3.64 3.64 0.00
447.00 3.76 3.76 0.00
447.20 3.87 3.87 0.00
447.40 4.07 4.07 0.00
447.60 4.24 4.24 0.00
447.80 4.39 4.39 0.00
448.00 4.52 4.52 0.00
448.20 4.65 4.65 0.00
448.40 4.85 4.85 0.00
448.60 5.04 5.04 0.00
448.80 5.20 5.20 0.00
449.00 5.34 5.34 0.00
449.20 5.48 5.48 0.00
449.40 5.61 5.61 0.00
449.60 5.73 5.73 0.00
449.80 5.85 5.85 0.00
450.00 5.97 5.97 0.00
450.20 10.76 10.76 0.00
450.40 23.32 19.43 3.89
450.60 41.27 27.32 13.95
450.80 55.07 27.54 27.53
451.00 70.87 27.75 43.11
451.20 88.91 27.97 60.94
451.40 109.50 28.19 81.32
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Stage-Area-Storage for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521
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Summary for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 5.62"    for  100yr-24hr event
Inflow = 208.46 cfs @ 12.05 hrs,  Volume= 14.532 af
Outflow = 5.88 cfs @ 15.89 hrs,  Volume= 3.245 af,  Atten= 97%,  Lag= 230.5 min
Primary = 5.88 cfs @ 15.89 hrs,  Volume= 3.245 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 450.45' @ 15.89 hrs   Surf.Area= 1.536 ac   Storage= 13.013 af   (11.588 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= 658.8 min calculated for 1.820 af (13% of inflow)
Center-of-Mass det. time= 339.6 min ( 1,147.9 - 808.2 )

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 450.25' 25.0' long  x 22.0' breadth Broad-Crested Rectangular Weir

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63

Primary OutFlow  Max=5.84 cfs @ 15.89 hrs  HW=450.45'   (Free Discharge)
1=Broad-Crested Rectangular Weir  (Weir Controls 5.84 cfs @ 1.19 fps)
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Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)
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Inflow Area=31.050 ac
Peak Elev=450.45'
Storage=13.013 af

208.46 cfs

5.88 cfs

Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)
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Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Surface
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Storage (acre-feet)
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Hydrograph for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Primary
(cfs)

0.00 0.00 1.425 439.25 0.00
2.00 0.00 1.425 439.25 0.00
4.00 0.05 1.427 439.25 0.00
6.00 0.31 1.447 439.29 0.00
8.00 1.38 1.583 439.55 0.00

10.00 4.05 2.006 440.29 0.00
12.00 196.07 5.787 444.87 0.00
14.00 9.51 12.315 449.99 0.00
16.00 5.71 13.012 450.45 5.87
18.00 4.34 12.956 450.41 4.67
20.00 3.19 12.902 450.37 3.51
22.00 2.86 12.875 450.36 2.93
24.00 2.63 12.864 450.35 2.69
26.00 0.00 12.742 450.27 0.20
28.00 0.00 12.722 450.26 0.06
30.00 0.00 12.715 450.25 0.02
32.00 0.00 12.713 450.25 0.01
34.00 0.00 12.713 450.25 0.00
36.00 0.00 12.713 450.25 0.00
38.00 0.00 12.713 450.25 0.00
40.00 0.00 12.713 450.25 0.00
42.00 0.00 12.713 450.25 0.00
44.00 0.00 12.713 450.25 0.00
46.00 0.00 12.713 450.25 0.00
48.00 0.00 12.713 450.25 0.00
50.00 0.00 12.713 450.25 0.00
52.00 0.00 12.713 450.25 0.00
54.00 0.00 12.713 450.25 0.00
56.00 0.00 12.713 450.25 0.00
58.00 0.00 12.713 450.25 0.00
60.00 0.00 12.713 450.25 0.00
62.00 0.00 12.713 450.25 0.00
64.00 0.00 12.713 450.25 0.00
66.00 0.00 12.713 450.25 0.00
68.00 0.00 12.713 450.25 0.00
70.00 0.00 12.713 450.25 0.00
72.00 0.00 12.713 450.25 0.00
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Stage-Discharge for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Elevation
(feet)

Primary
(cfs)

434.00 0.00
434.20 0.00
434.40 0.00
434.60 0.00
434.80 0.00
435.00 0.00
435.20 0.00
435.40 0.00
435.60 0.00
435.80 0.00
436.00 0.00
436.20 0.00
436.40 0.00
436.60 0.00
436.80 0.00
437.00 0.00
437.20 0.00
437.40 0.00
437.60 0.00
437.80 0.00
438.00 0.00
438.20 0.00
438.40 0.00
438.60 0.00
438.80 0.00
439.00 0.00
439.20 0.00
439.40 0.00
439.60 0.00
439.80 0.00
440.00 0.00
440.20 0.00
440.40 0.00
440.60 0.00
440.80 0.00
441.00 0.00
441.20 0.00
441.40 0.00
441.60 0.00
441.80 0.00
442.00 0.00
442.20 0.00
442.40 0.00
442.60 0.00
442.80 0.00
443.00 0.00
443.20 0.00
443.40 0.00
443.60 0.00
443.80 0.00
444.00 0.00
444.20 0.00
444.40 0.00
444.60 0.00

Elevation
(feet)

Primary
(cfs)

444.80 0.00
445.00 0.00
445.20 0.00
445.40 0.00
445.60 0.00
445.80 0.00
446.00 0.00
446.20 0.00
446.40 0.00
446.60 0.00
446.80 0.00
447.00 0.00
447.20 0.00
447.40 0.00
447.60 0.00
447.80 0.00
448.00 0.00
448.20 0.00
448.40 0.00
448.60 0.00
448.80 0.00
449.00 0.00
449.20 0.00
449.40 0.00
449.60 0.00
449.80 0.00
450.00 0.00
450.20 0.00
450.40 3.89
450.60 13.95
450.80 27.53
451.00 43.11
451.20 60.94
451.40 81.32
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Stage-Area-Storage for Pond 27P: Sediment Pond (WSE 439.25) Emergency Design (No WQ No Primary)

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521



ATTACHMENT D
HydroCAD report for Sediment Basin - 72-hour dry pool

dewatering



19P

Sediment Pond (WSE
 450) 72hr Drawdown

Routing Diagram for Sediment Basin
Prepared by URS Corporation,  Printed 12/23/2016

HydroCAD® 10.00-14  s/n 09079  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 0.00"    for  No Flow event
Inflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Outflow = 5.97 cfs @ 0.00 hrs,  Volume= 10.873 af,  Atten= 0%,  Lag= 0.0 min
Primary = 5.97 cfs @ 0.00 hrs,  Volume= 10.873 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 450.00'   Surf.Area= 1.500 ac   Storage= 12.335 af
Peak Elev= 450.00' @ 0.00 hrs   Surf.Area= 1.500 ac   Storage= 12.335 af
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (0.760 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no inflow)

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing     Invert Outlet Devices
#1 Primary 438.75' 18.0"  Round RCP_Round  18"   

L= 100.0'   RCP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 438.75' / 436.75'   S= 0.0200 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

#2 Device 1 439.25' 0.734 cfs Constant Flow/Skimmer   Phase-In= 0.50'   
#3 Device 1 441.25' 1.5" Vert. Orifice/Grate X 5.00 columns   

X 8 rows with 12.0" cc spacing C= 0.600   
#4 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#5 Secondary 450.25' 25.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
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Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

Primary OutFlow  Max=5.97 cfs @ 0.00 hrs  HW=450.00'   (Free Discharge)
1=RCP_Round  18"  (Passes 5.97 cfs of 26.64 cfs potential flow)

2=Constant Flow/Skimmer  (Constant Controls 0.73 cfs)
3=Orifice/Grate  (Orifice Controls 5.23 cfs @ 10.66 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=450.00'   (Free Discharge)
5=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Peak Elev=450.00'
Storage=12.335 af
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Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Total
Primary
Secondary

Stage-Discharge

Discharge  (cfs)
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 Orifice/Grate  Broad-Crested Rectangular Weir 

Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Surface
Storage

Stage-Area-Storage

Storage (acre-feet)
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Hydrograph for Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 12.335 450.00 5.97 5.97 0.00
2.00 0.00 11.381 449.35 5.58 5.58 0.00
4.00 0.00 10.494 448.72 5.14 5.14 0.00
6.00 0.00 9.689 448.13 4.61 4.61 0.00
8.00 0.00 8.958 447.58 4.22 4.22 0.00

10.00 0.00 8.299 447.06 3.79 3.79 0.00
12.00 0.00 7.698 446.57 3.48 3.48 0.00
14.00 0.00 7.156 446.11 3.11 3.11 0.00
16.00 0.00 6.662 445.68 2.87 2.87 0.00
18.00 0.00 6.212 445.27 2.56 2.56 0.00
20.00 0.00 5.807 444.89 2.36 2.36 0.00
22.00 0.00 5.433 444.52 2.16 2.16 0.00
24.00 0.00 5.097 444.19 1.92 1.92 0.00
26.00 0.00 4.790 443.87 1.79 1.79 0.00
28.00 0.00 4.504 443.56 1.65 1.65 0.00
30.00 0.00 4.247 443.28 1.45 1.45 0.00
32.00 0.00 4.015 443.02 1.37 1.37 0.00
34.00 0.00 3.795 442.76 1.29 1.29 0.00
36.00 0.00 3.590 442.52 1.19 1.19 0.00
38.00 0.00 3.404 442.29 1.06 1.06 0.00
40.00 0.00 3.237 442.07 0.99 0.99 0.00
42.00 0.00 3.076 441.86 0.95 0.95 0.00
44.00 0.00 2.922 441.66 0.91 0.91 0.00
46.00 0.00 2.777 441.46 0.84 0.84 0.00
48.00 0.00 2.646 441.27 0.75 0.75 0.00
50.00 0.00 2.525 441.10 0.73 0.73 0.00
52.00 0.00 2.403 440.91 0.73 0.73 0.00
54.00 0.00 2.282 440.73 0.73 0.73 0.00
56.00 0.00 2.161 440.54 0.73 0.73 0.00
58.00 0.00 2.039 440.34 0.73 0.73 0.00
60.00 0.00 1.918 440.14 0.73 0.73 0.00
62.00 0.00 1.797 439.93 0.73 0.73 0.00
64.00 0.00 1.676 439.72 0.69 0.69 0.00
66.00 0.00 1.584 439.55 0.44 0.44 0.00
68.00 0.00 1.525 439.44 0.28 0.28 0.00
70.00 0.00 1.488 439.37 0.18 0.18 0.00
72.00 0.00 1.465 439.33 0.11 0.11 0.00
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Stage-Discharge for Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.22 0.22 0.00
439.60 0.51 0.51 0.00
439.80 0.73 0.73 0.00
440.00 0.73 0.73 0.00
440.20 0.73 0.73 0.00
440.40 0.73 0.73 0.00
440.60 0.73 0.73 0.00
440.80 0.73 0.73 0.00
441.00 0.73 0.73 0.00
441.20 0.73 0.73 0.00
441.40 0.82 0.82 0.00
441.60 0.89 0.89 0.00
441.80 0.94 0.94 0.00
442.00 0.98 0.98 0.00
442.20 1.01 1.01 0.00
442.40 1.13 1.13 0.00
442.60 1.23 1.23 0.00
442.80 1.30 1.30 0.00
443.00 1.36 1.36 0.00
443.20 1.42 1.42 0.00
443.40 1.56 1.56 0.00
443.60 1.67 1.67 0.00
443.80 1.77 1.77 0.00
444.00 1.85 1.85 0.00
444.20 1.92 1.92 0.00
444.40 2.08 2.08 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.60 2.21 2.21 0.00
444.80 2.32 2.32 0.00
445.00 2.41 2.41 0.00
445.20 2.50 2.50 0.00
445.40 2.67 2.67 0.00
445.60 2.82 2.82 0.00
445.80 2.94 2.94 0.00
446.00 3.05 3.05 0.00
446.20 3.16 3.16 0.00
446.40 3.34 3.34 0.00
446.60 3.50 3.50 0.00
446.80 3.64 3.64 0.00
447.00 3.76 3.76 0.00
447.20 3.87 3.87 0.00
447.40 4.07 4.07 0.00
447.60 4.24 4.24 0.00
447.80 4.39 4.39 0.00
448.00 4.52 4.52 0.00
448.20 4.65 4.65 0.00
448.40 4.85 4.85 0.00
448.60 5.04 5.04 0.00
448.80 5.20 5.20 0.00
449.00 5.34 5.34 0.00
449.20 5.48 5.48 0.00
449.40 5.61 5.61 0.00
449.60 5.73 5.73 0.00
449.80 5.85 5.85 0.00
450.00 5.97 5.97 0.00
450.20 10.76 10.76 0.00
450.40 23.04 19.43 3.62
450.60 40.48 27.32 13.16
450.80 54.71 27.54 27.18
451.00 71.47 27.75 43.72
451.20 90.07 27.97 62.10
451.40 111.04 28.19 82.86
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Stage-Area-Storage for Pond 19P: Sediment Pond (WSE 450) 72hr Drawdown

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.60 1.020 5.509
444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521



ATTACHMENT E
Faircloth Skimmer Sizing Calculator



Calculate Skimmer Size
Basin Volume in Cubic Feet 63,446 Cu.Ft Skimmer Size 8.0 Inch
Days to Drain* 1 Days Orifice Radius 3.2 Inch[es]

Orifice Diameter 6.4 Inch[es]
*In NC assume 3 days to drain

Estimate Volume of Basin Length Width
Top of water surface in feet Feet VOLUME 0 Cu. Ft.
Bottom dimensions in feet Feet
Depth in feet Feet





8” Faircloth Skimmer® Cut Sheet 
J. W. Faircloth & Son, Inc. 

www.FairclothSkimmer.com 
 
 
 
 
4” Sch 40 
coupling 
connection 

 
 
 
 
 
 
 
 
 
 
1.  Hose can be attached to outlet using the threaded 6” nipple. Typical methods used: on a 
metal structure a steel stubout welded on the side at the bottom with a 6” threaded coupling or 
reducers; on a concrete structure with a hole or orifice at the bottom, use a steel plate with a 
hole and coupling welded to it that will fit over the hole in the concrete and bolted to the 
structure with sealant. 
2.  Dimensions are approximate, not intended as plans for construction. 
3.  Barrel (solid, not foam core pipe) should be 1.4 times the depth of water with a minimum 
length of 8’ so the inlet can be pulled to the side for maintenance. If more than 12’ long weight 
may have to be added to inlet to counter the increased buoyancy. 
4.  Inlet tapers down from 8” maximum inlet to a 6” barrel and hose. Barrel is smaller to reduce 
buoyancy and tendency to lift inlet but is sufficient for flow through inlet because of slope. The 
inlet orifice can be reduced using the plug and cutter provided to control the outflow rate. 
5.  Inlet is 12” pipe between the straps with slots cut in the inlet and aluminum screen door 
(smaller than shown in illustration) for access to the inlet and orifice inside. 
6.  Shipped assembled. User glues inlet extension and barrel, installs vent, cuts orifice in plug 
and attaches to outlet pipe or structure. Includes flexible hose, rope, orifice cutter, etc. 
7.  Shipped in cardboard box on pallet.  Shipping weight 365 lbs, dimension 61"x44"x57". 
 
 
8inchCuttm5-13-15                             May 13, 2015                            

6” Sch 40  SOLID  pvc barrel 
or “arm” 
NOT SUPPLIED 3 

2” Vent with  
90° elbow 

6” hose, clamps 
6” threaded male nipple 
on outlet end 1 

8” Coupling   
8"x6"  bushing 
 6" sch 80 female adaptor 
12" of 6" pipe 
 INCLUDED 1 

 

Aluminum straps 
suspending inlet 

60” 2 

8” inlet 
extension 4 

8” pvc float 

60” 2 

6”  HEAD on center of 
inlet and orifice 

Inlet 5

Skimmer shown in 
floating position 
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Emergency Spillway Lining













Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Wednesday, December 21, 2016

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Emergency Spillway - Road Crossing 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 16.0000 ft/ft 

Side Slope 2 (Z2): 16.0000 ft/ft 

Channel Width: 25.0000 ft 

Longitudinal Slope: 0.0050 ft/ft 

Manning's n:  0.0350 

Flow: 5.8200 cfs 

Result Parameters 

Depth: 0.2090 ft 

Area of Flow: 5.9232 ft^2 

Wetted Perimeter: 31.7003 ft 

Hydraulic Radius: 0.1868 ft 

Average Velocity: 0.9826 ft/s 

Top Width: 31.6873 ft 

Froude Number:  0.4005 

Critical Depth: 0.1159 ft 

Critical Velocity: 1.8692 ft/s 

Critical Slope: 0.0375 ft/ft 

Critical Top Width: 28.71 ft 

Calculated Max Shear Stress: 0.0652 lb/ft^2 

Calculated Avg Shear Stress: 0.0583 lb/ft^2 



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Wednesday, December 21, 2016

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Emergency Spillway - Backslope 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 16.0000 ft/ft 

Side Slope 2 (Z2): 16.0000 ft/ft 

Channel Width: 25.0000 ft 

Longitudinal Slope: 0.3300 ft/ft 

Manning's n:  0.0350 

Flow: 5.8200 cfs 

Result Parameters 

Depth: 0.0606 ft 

Area of Flow: 1.5740 ft^2 

Wetted Perimeter: 26.9433 ft 

Hydraulic Radius: 0.0584 ft 

Average Velocity: 3.6975 ft/s 

Top Width: 26.9395 ft 

Froude Number:  2.6957 

Critical Depth: 0.1160 ft 

Critical Velocity: 1.8682 ft/s 

Critical Slope: 0.0374 ft/ft 

Critical Top Width: 28.71 ft 

Calculated Max Shear Stress: 1.2481 lb/ft^2 

Calculated Avg Shear Stress: 1.2030 lb/ft^2 



Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.1B
Culvert Design (Rev 3)



AECOM
Job Scepter: East Landfill Project No. 60398526 Sheet 1 of 4
Description Culvert Design (Rev 3) Computed by NSP Date 05/04/17

Checked by MSM Date 05/09/17
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I. PURPOSE

The purpose of this analysis is to design the proposed culverts associated with Scepter’s Class II Disposal
Facility in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The culvert’s design was performed as part of the Part II Solid Waste Permit Application.  The proposed
site will be permitted as a new Class II solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for  a
depiction of the culverts locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the
culvert’s design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the culverts:

Rule 0400-11-01-.04(2)(i)1.

The operator must design, construct, operate, and maintain a run-on control system capable of preventing flow
onto the active portion of the facility for all flow up to and including peak discharge from a 24-hour, 25-year storm.

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The results of the analysis presented herein show that the culverts are designed to control and convey at
least the peak flow resulting from a 25-year/24-hour storm.

IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the culverts were initially assumed
and then confirmed through multiple iterations.

The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations and the Federal Highway
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Administation’s HY-8 (version 7.2) was used to conduct hydraulic calculations for this analysis with
inputs based on the site geometry, rainfall data, and other design assumptions.

The HydroCAD model was used to generate peak flow rates for the upstream watershed features of the
culvert. HY-8 was used to generate peak headwater and conveyance capacities of each given culvert.
The number, size, and elevation of culverts were designed/determined such that the regulatory
requirements would be met while minimizing cost through reduced number and size of structures to the
extent possible.  The proposed culverts will pass flows equal to and lesser than those generated by the
24-hour, 25-year storm.

To provide energy dissipation and greatly reduce potential for erosion downstream of the culvert
outlets, riprap aprons designed in accordance with the TDEC Erosion and Sediment Control Handbook
are provided for the 24-hour, 25-year design storm peak discharge (Appendix F1.G).

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· The rainfall intensities for Waverly, Tennessee are as follows and were obtained from NOAA.gov
and are included as Attachment A.:

o 6.39 inches to represent the 24-hour, 25-year storm

o 8.12 inches to represent the 24-hour, 100-year storm

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 98 for sediment basin water surface.

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

· Pipe flow in HydroCAD was calculated by the program using Manning’s equation for low flow
conditions and the orifice equation for high flow (submerged) conditions.

· Flow into the catch basins in HydroCAD was calculated by the program using weir flow for low
flow conditions and the orifice equation for high flow (submerged) conditions.
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VI. SUMMARY OF RESULTS

A summary of all culverts for the facility is presented in Exhibit  1.  The results of the culverts design
show the TDEC regulations under the Solid Waste requirements have been met (see also Attachments
C, D, E, F, and G for associated HydroCAD output reports).  As Table 1, below, illustrates, the structures
properly control and convey the water volume generated by the 24-hour, 25-year storm such that the
peak water surface elevation immediately upstream stays safely below the impounding sideslopes.

Table 1 - Culvert Summary

Culvert ID Description
Peak

Discharge
(cfs)

Barrels/Size/Material Control Required
Head (ft)

Potential
Head (ft)

Velocity
(fps)

C1 South Access
Road 21.90 1 - 18” RCP Inlet 7.23 38.00 14.84

C2 North Access
Road 36.87 1 - 30” RCP Inlet 3.88 26.68 12.15

C3
Temporary
Sediment

Basin
42.34 2 - 30” RCP Inlet 2.39 5.55 10.62

C4
North

Sediment
Basin

83.65 3 – 30” CPP Inlet 2.92 4.5 11.41

C5
South

Sediment
Basin

58.35 2 – 30” CPP Inlet 3.04 4.5 11.51

VII. CONCLUSIONS
The proposed grading of the landfill in combination with the design of the culvert is sufficient to safely
control and convey the 24-hour, 25-year storm as stipulated by TDEC regulations.  Appropriate outlet
protection riprap for each culvert based on regulatory guidance is incorporated (Appendix F1.G).
Calculations for proper conveyance of upstream and downstream flows were not presented in this
analysis and will be performed separately.  Refer to accompanying calculations for upstream conveyance
design features (storm water terraces and perimeter channels) entering the culverts and the sediment
basin.

VIII. ATTACHMENTS
Figures:

Exhibit 1: Drainage Map
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Attachments:

Attachment A: NOAA Precipitation Frequency Data
Attachment B: NRCS Hydrologic Soil Group
Attachment C: South Sed. Basin Culvert: Drainage Map, HydroCAD report, and HY-8 Report
Attachment D: North Sed. Basin Culvert: Drainage Map, HydroCAD report, and HY-8 Report
Attachment E: Temporary Sed. Basin Culvert: Drainage Map, HydroCAD report, and HY-8 Report
Attachment F: South Access Road Culvert: Drainage Map, HydroCAD report, and HY-8 Report
Attachment G: North Access Road Culvert: Drainage Map, HydroCAD report, and HY-8 Report

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.

2. TDEC, “Erosion and Sediment Control Handbook”, Fourth Edition, August 2012.
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NOAA Atlas 14, Volume 2, Version 3 
Location name: Waverly, Tennessee, US* 
Latitude: 36.0689°, Longitude: -87.9462° 

Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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ATTACHMENT C
South Sed. Basin Culvert



22S

South Sed. Basin
 Culvert

Routing Diagram for Sediment Basin
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 2HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment 22S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 22S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM
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Hydrograph for Subcatchment 22S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 58.35 cfs

Design Flow: 58.35 cfs

Maximum Flow: 58.35 cfs



Table 1 - Summary of Culvert Flows at Crossing: South Sed. Basin Culvert (improved 
inlet)Headwater Elevation 

(ft)
Total Discharge (cfs) 2-30 Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

464.29 58.35 58.35 0.00 1

465.75 84.31 84.31 0.00 Overtopping



Rating Curve Plot for Crossing: South Sed. Basin Culvert (improved inlet)



Table 2 - Culvert Summary Table: 2-30
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000

58.35 58.35 464.29 3.042 1.799 5-S2n 1.050 1.839 1.282 0.000 11.515 0.000



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 461.25 ft,    Outlet Elevation (invert): 460.25 ft

Culvert Length: 46.01 ft,    Culvert Slope: 0.0217

********************************************************************************



Culvert Performance Curve Plot: 2-30



Water Surface Profile Plot for Culvert: 2-30

Site Data - 2-30

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  461.25 ft

Outlet Station:  46.00 ft

Outlet Elevation:  460.25 ft

Number of Barrels:  2

Culvert Data Summary - 2-30

Barrel Shape:  Circular

Barrel Diameter:  2.50 ft

Barrel Material:  Corrugated PE

Embedment:  0.00 in

Barrel Manning's n:  0.0100

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  NONE



Table 3 - Downstream Channel Rating Curve (Crossing: South Sed. Basin Culvert 
(improved inlet))Flow (cfs) Water Surface Elev (ft) Depth (ft)

58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00
58.35 460.25 0.00



Tailwater Channel Data - South Sed. Basin Culvert (improved inlet)

Tailwater Channel Option:  Enter Constant Tailwater Elevation

Constant Tailwater Elevation:  460.25 ft

Roadway Data for Crossing: South Sed. Basin Culvert (improved inlet)

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  160.00 ft

Crest Elevation:  465.75 ft

Roadway Surface:  Gravel

Roadway Top Width:  22.00 ft



ATTACHMENT D
North Sed. Basin Culvert



21S

North Sed. Basin
 Culvert

Routing Diagram for Sediment Basin
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 2HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment 21S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 3HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcatchment 21S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 4HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 21S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 83.65 cfs

Design Flow: 83.65 cfs

Maximum Flow: 83.65 cfs



Table 1 - Summary of Culvert Flows at Crossing: North Sed. Basin Culvert (improved 
inlet)Headwater Elevation 

(ft)
Total Discharge (cfs) 3-30 Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

466.67 83.65 83.65 0.00 1

468.25 126.46 126.46 0.00 Overtopping



Rating Curve Plot for Crossing: North Sed. Basin Culvert (improved inlet)



Table 2 - Culvert Summary Table: 3-30
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000

83.65 83.65 466.67 2.923 1.675 5-S2n 1.024 1.798 1.246 0.000 11.406 0.000



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 463.75 ft,    Outlet Elevation (invert): 462.75 ft

Culvert Length: 46.01 ft,    Culvert Slope: 0.0217

********************************************************************************



Culvert Performance Curve Plot: 3-30



Water Surface Profile Plot for Culvert: 3-30

Site Data - 3-30

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  463.75 ft

Outlet Station:  46.00 ft

Outlet Elevation:  462.75 ft

Number of Barrels:  3

Culvert Data Summary - 3-30

Barrel Shape:  Circular

Barrel Diameter:  2.50 ft

Barrel Material:  Corrugated PE

Embedment:  0.00 in

Barrel Manning's n:  0.0100

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  NONE



Table 3 - Downstream Channel Rating Curve (Crossing: North Sed. Basin Culvert 
(improved inlet))Flow (cfs) Water Surface Elev (ft) Depth (ft)

83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00
83.65 462.75 0.00



Tailwater Channel Data - North Sed. Basin Culvert (improved inlet)

Tailwater Channel Option:  Enter Constant Tailwater Elevation

Constant Tailwater Elevation:  462.75 ft

Roadway Data for Crossing: North Sed. Basin Culvert (improved inlet)

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  160.00 ft

Crest Elevation:  468.25 ft

Roadway Surface:  Gravel

Roadway Top Width:  22.00 ft



ATTACHMENT E
Temporary Sed. Basin Culvert



34S

Temp Sed Basin Culvert
 - Phase 2

Routing Diagram for Temp Culvert
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Temp Culvert
  Printed  5/23/2017Prepared by AECOM

Page 2HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment 34S: Temp Sed Basin Culvert - Phase 2

Runoff = 42.34 cfs @ 11.99 hrs,  Volume= 2.130 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 6.510 78

6.510 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 100 0.3333 0.39 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.8 182 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

1.1 645 0.0300 10.21 367.62 Channel Flow, Diversion Channel 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.4 627 0.0154 7.32 263.39 Channel Flow, Diversion Channel 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

7.6 1,554 Total

Subcatchment 34S: Temp Sed Basin Culvert - Phase 2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=6.510 ac
Runoff Volume=2.130 af

Runoff Depth=3.93"
Flow Length=1,554'

Tc=7.6 min
CN=78

42.34 cfs



Type II 24-hr  25yr-24hr Rainfall=6.39"Temp Culvert
  Printed  5/23/2017Prepared by AECOM

Page 3HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Hydrograph for Subcatchment 34S: Temp Sed Basin Culvert - Phase 2

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.03
8.00 0.77 0.01 0.11
9.00 0.94 0.04 0.27

10.00 1.16 0.10 0.49
11.00 1.50 0.23 1.19
12.00 4.24 2.08 42.03
13.00 4.93 2.65 2.38
14.00 5.24 2.92 1.41
15.00 5.45 3.10 1.12
16.00 5.62 3.25 0.87
17.00 5.76 3.37 0.76
18.00 5.89 3.48 0.67
19.00 5.99 3.57 0.58
20.00 6.08 3.65 0.49
21.00 6.16 3.72 0.47
22.00 6.24 3.79 0.45
23.00 6.32 3.86 0.43
24.00 6.39 3.93 0.41
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 42.34 cfs

Design Flow: 42.34 cfs

Maximum Flow: 42.34 cfs



Table 1 - Summary of Culvert Flows at Crossing: Temp Culvert
Headwater Elevation 

(ft)
Total Discharge (cfs) 2-30 Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

462.39 42.34 42.34 0.00 1

463.00 56.97 56.97 0.00 Overtopping



Rating Curve Plot for Crossing: Temp Culvert



Table 2 - Culvert Summary Table: 2-30
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000

42.34 42.34 462.39 2.390 0.211 1-S2n 0.962 1.561 1.038 0.000 10.617 0.000



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 460.00 ft,    Outlet Elevation (invert): 458.00 ft

Culvert Length: 96.02 ft,    Culvert Slope: 0.0208

********************************************************************************



Culvert Performance Curve Plot: 2-30



Water Surface Profile Plot for Culvert: 2-30

Site Data - 2-30

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  460.00 ft

Outlet Station:  96.00 ft

Outlet Elevation:  458.00 ft

Number of Barrels:  2

Culvert Data Summary - 2-30

Barrel Shape:  Circular

Barrel Diameter:  2.50 ft

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0120

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Temp Culvert)

Flow (cfs) Water Surface Elev (ft) Depth (ft)

42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00
42.34 458.00 0.00



Tailwater Channel Data - Temp Culvert

Tailwater Channel Option:  Enter Constant Tailwater Elevation

Constant Tailwater Elevation:  458.00 ft

Roadway Data for Crossing: Temp Culvert

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  160.00 ft

Crest Elevation:  463.00 ft

Roadway Surface:  Gravel

Roadway Top Width:  22.00 ft



ATTACHMENT F
South Access Road Culvert



16S

South Access Culvert

Routing Diagram for Access Roads
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Subcatchment 16S: South Access Culvert

Runoff = 21.90 cfs @ 12.03 hrs,  Volume= 1.279 af,  Depth= 1.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
9.240 49 50-75% Grass cover, Fair, HSG A
1.000 77 Newly graded area, HSG A

10.240 52 Weighted Average
10.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.6 100 0.0800 0.22 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.6 177 0.0800 4.55 Shallow Concentrated Flow, Shallow Concentrated Flow
Unpaved   Kv= 16.1 fps

0.2 235 0.2490 21.19 211.86 Channel Flow, Valley 1
Area= 10.0 sf  Perim= 10.0'  r= 1.00'  n= 0.035

1.5 953 0.0661 10.92 109.16 Channel Flow, Valley 2
Area= 10.0 sf  Perim= 10.0'  r= 1.00'  n= 0.035

9.9 1,465 Total

Subcatchment 16S: South Access Culvert

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)

24
22
20
18
16
14
12
10

8
6
4
2
0

Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=10.240 ac
Runoff Volume=1.279 af

Runoff Depth=1.50"
Flow Length=1,465'

Tc=9.9 min
CN=52

21.90 cfs
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Hydrograph for Subcatchment 16S: South Access Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.00
8.00 0.77 0.00 0.00
9.00 0.94 0.00 0.00

10.00 1.16 0.00 0.00
11.00 1.50 0.00 0.00
12.00 4.24 0.49 20.53
13.00 4.93 0.77 1.97
14.00 5.24 0.91 1.22
15.00 5.45 1.01 0.99
16.00 5.62 1.10 0.79
17.00 5.76 1.17 0.70
18.00 5.89 1.23 0.62
19.00 5.99 1.29 0.55
20.00 6.08 1.33 0.47
21.00 6.16 1.38 0.44
22.00 6.24 1.42 0.43
23.00 6.32 1.46 0.42
24.00 6.39 1.50 0.40
25.00 6.39 1.50 0.00
26.00 6.39 1.50 0.00
27.00 6.39 1.50 0.00
28.00 6.39 1.50 0.00
29.00 6.39 1.50 0.00
30.00 6.39 1.50 0.00
31.00 6.39 1.50 0.00
32.00 6.39 1.50 0.00
33.00 6.39 1.50 0.00
34.00 6.39 1.50 0.00
35.00 6.39 1.50 0.00
36.00 6.39 1.50 0.00
37.00 6.39 1.50 0.00
38.00 6.39 1.50 0.00
39.00 6.39 1.50 0.00
40.00 6.39 1.50 0.00
41.00 6.39 1.50 0.00
42.00 6.39 1.50 0.00
43.00 6.39 1.50 0.00
44.00 6.39 1.50 0.00
45.00 6.39 1.50 0.00
46.00 6.39 1.50 0.00
47.00 6.39 1.50 0.00
48.00 6.39 1.50 0.00
49.00 6.39 1.50 0.00
50.00 6.39 1.50 0.00
51.00 6.39 1.50 0.00
52.00 6.39 1.50 0.00
53.00 6.39 1.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 1.50 0.00
55.00 6.39 1.50 0.00
56.00 6.39 1.50 0.00
57.00 6.39 1.50 0.00
58.00 6.39 1.50 0.00
59.00 6.39 1.50 0.00
60.00 6.39 1.50 0.00
61.00 6.39 1.50 0.00
62.00 6.39 1.50 0.00
63.00 6.39 1.50 0.00
64.00 6.39 1.50 0.00
65.00 6.39 1.50 0.00
66.00 6.39 1.50 0.00
67.00 6.39 1.50 0.00
68.00 6.39 1.50 0.00
69.00 6.39 1.50 0.00
70.00 6.39 1.50 0.00
71.00 6.39 1.50 0.00
72.00 6.39 1.50 0.00



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 21.9 cfs

Design Flow: 21.9 cfs

Maximum Flow: 21.9 cfs



Table 1 - Summary of Culvert Flows at Crossing: South Access Road
Headwater Elevation 

(ft)
Total Discharge (cfs) 1-18in RCP 

Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

475.24 21.90 21.90 0.00 1

507.53 40.05 40.05 0.00 Overtopping



Rating Curve Plot for Crossing: South Access Road



Table 2 - Culvert Summary Table: 1-18in RCP
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155

21.90 21.90 475.24 7.229 3.751 5-S2n 1.135 1.500 1.135 1.190 14.863 5.155



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 468.01 ft,    Outlet Elevation (invert): 455.00 ft

Culvert Length: 270.31 ft,    Culvert Slope: 0.0482

********************************************************************************



Culvert Performance Curve Plot: 1-18in RCP



Water Surface Profile Plot for Culvert: 1-18in RCP

Site Data - 1-18in RCP

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  468.01 ft

Outlet Station:  270.00 ft

Outlet Elevation:  455.00 ft

Number of Barrels:  1

Culvert Data Summary - 1-18in RCP

Barrel Shape:  Circular

Barrel Diameter:  1.50 ft

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0130

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: South Access Road)

Flow (cfs) Water Surface 
Elev (ft)

Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18
21.90 456.19 1.19 5.15 2.35 1.18



Tailwater Channel Data - South Access Road

Tailwater Channel Option:  Triangular Channel

Side Slope (H:V):  3.00 (_:1)

Channel Slope:  0.0316

Channel Manning's n:  0.0350

Channel Invert Elevation:  455.00 ft

Roadway Data for Crossing: South Access Road

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  22.00 ft

Crest Elevation:  507.53 ft

Roadway Surface:  Gravel

Roadway Top Width:  175.00 ft



ATTACHMENT G
North Access Road Culvert



16S

South Access Culvert

18S

North Access Culvert

24S

North Sed. Basin
 Culvert

25S

South Sed. Basin
 Culvert

26S

Sed. Basin

17P
CB

North Access Culvert

20P

Sediment Pond (WSE
 439.25) Full Operation

Routing Diagram for Access Roads
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Access Roads
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

29.550 78   (24S, 25S, 26S)
1.500 98   (26S)

16.500 49 50-75% Grass cover, Fair, HSG A  (16S, 18S)
1.000 77 Newly graded area, HSG A  (16S)

48.550 69 TOTAL AREA



Access Roads
  Printed  5/23/2017Prepared by AECOM
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

17.500 HSG A 16S, 18S
0.000 HSG B
0.000 HSG C
0.000 HSG D

31.050 Other 24S, 25S, 26S
48.550 TOTAL AREA
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Summary for Subcatchment 16S: South Access Culvert

Runoff = 21.90 cfs @ 12.03 hrs,  Volume= 1.279 af,  Depth= 1.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
9.240 49 50-75% Grass cover, Fair, HSG A
1.000 77 Newly graded area, HSG A

10.240 52 Weighted Average
10.240 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.6 100 0.0800 0.22 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.6 177 0.0800 4.55 Shallow Concentrated Flow, Shallow Concentrated Flow
Unpaved   Kv= 16.1 fps

0.2 235 0.2490 21.19 211.86 Channel Flow, Valley 1
Area= 10.0 sf  Perim= 10.0'  r= 1.00'  n= 0.035

1.5 953 0.0661 10.92 109.16 Channel Flow, Valley 2
Area= 10.0 sf  Perim= 10.0'  r= 1.00'  n= 0.035

9.9 1,465 Total

Subcatchment 16S: South Access Culvert

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=10.240 ac
Runoff Volume=1.279 af

Runoff Depth=1.50"
Flow Length=1,465'

Tc=9.9 min
CN=52

21.90 cfs
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Hydrograph for Subcatchment 16S: South Access Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.00
8.00 0.77 0.00 0.00
9.00 0.94 0.00 0.00

10.00 1.16 0.00 0.00
11.00 1.50 0.00 0.00
12.00 4.24 0.49 20.53
13.00 4.93 0.77 1.97
14.00 5.24 0.91 1.22
15.00 5.45 1.01 0.99
16.00 5.62 1.10 0.79
17.00 5.76 1.17 0.70
18.00 5.89 1.23 0.62
19.00 5.99 1.29 0.55
20.00 6.08 1.33 0.47
21.00 6.16 1.38 0.44
22.00 6.24 1.42 0.43
23.00 6.32 1.46 0.42
24.00 6.39 1.50 0.40
25.00 6.39 1.50 0.00
26.00 6.39 1.50 0.00
27.00 6.39 1.50 0.00
28.00 6.39 1.50 0.00
29.00 6.39 1.50 0.00
30.00 6.39 1.50 0.00
31.00 6.39 1.50 0.00
32.00 6.39 1.50 0.00
33.00 6.39 1.50 0.00
34.00 6.39 1.50 0.00
35.00 6.39 1.50 0.00
36.00 6.39 1.50 0.00
37.00 6.39 1.50 0.00
38.00 6.39 1.50 0.00
39.00 6.39 1.50 0.00
40.00 6.39 1.50 0.00
41.00 6.39 1.50 0.00
42.00 6.39 1.50 0.00
43.00 6.39 1.50 0.00
44.00 6.39 1.50 0.00
45.00 6.39 1.50 0.00
46.00 6.39 1.50 0.00
47.00 6.39 1.50 0.00
48.00 6.39 1.50 0.00
49.00 6.39 1.50 0.00
50.00 6.39 1.50 0.00
51.00 6.39 1.50 0.00
52.00 6.39 1.50 0.00
53.00 6.39 1.50 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 1.50 0.00
55.00 6.39 1.50 0.00
56.00 6.39 1.50 0.00
57.00 6.39 1.50 0.00
58.00 6.39 1.50 0.00
59.00 6.39 1.50 0.00
60.00 6.39 1.50 0.00
61.00 6.39 1.50 0.00
62.00 6.39 1.50 0.00
63.00 6.39 1.50 0.00
64.00 6.39 1.50 0.00
65.00 6.39 1.50 0.00
66.00 6.39 1.50 0.00
67.00 6.39 1.50 0.00
68.00 6.39 1.50 0.00
69.00 6.39 1.50 0.00
70.00 6.39 1.50 0.00
71.00 6.39 1.50 0.00
72.00 6.39 1.50 0.00
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Summary for Subcatchment 18S: North Access Culvert

Runoff = 14.94 cfs @ 11.99 hrs,  Volume= 0.763 af,  Depth= 1.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
7.260 49 50-75% Grass cover, Fair, HSG A
7.260 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 100 0.5000 0.46 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.2 56 0.5000 4.95 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

2.2 852 0.0362 6.40 42.88 Channel Flow, Conveyance Channel
Area= 6.7 sf  Perim= 9.5'  r= 0.71'  n= 0.035

6.0 1,008 Total

Subcatchment 18S: North Access Culvert

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=7.260 ac
Runoff Volume=0.763 af

Runoff Depth=1.26"
Flow Length=1,008'

Tc=6.0 min
CN=49

14.94 cfs
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Hydrograph for Subcatchment 18S: North Access Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.00
8.00 0.77 0.00 0.00
9.00 0.94 0.00 0.00

10.00 1.16 0.00 0.00
11.00 1.50 0.00 0.00
12.00 4.24 0.37 14.70
13.00 4.93 0.61 1.17
14.00 5.24 0.74 0.74
15.00 5.45 0.83 0.61
16.00 5.62 0.90 0.49
17.00 5.76 0.96 0.44
18.00 5.89 1.02 0.39
19.00 5.99 1.07 0.35
20.00 6.08 1.11 0.30
21.00 6.16 1.15 0.28
22.00 6.24 1.19 0.28
23.00 6.32 1.23 0.27
24.00 6.39 1.26 0.26
25.00 6.39 1.26 0.00
26.00 6.39 1.26 0.00
27.00 6.39 1.26 0.00
28.00 6.39 1.26 0.00
29.00 6.39 1.26 0.00
30.00 6.39 1.26 0.00
31.00 6.39 1.26 0.00
32.00 6.39 1.26 0.00
33.00 6.39 1.26 0.00
34.00 6.39 1.26 0.00
35.00 6.39 1.26 0.00
36.00 6.39 1.26 0.00
37.00 6.39 1.26 0.00
38.00 6.39 1.26 0.00
39.00 6.39 1.26 0.00
40.00 6.39 1.26 0.00
41.00 6.39 1.26 0.00
42.00 6.39 1.26 0.00
43.00 6.39 1.26 0.00
44.00 6.39 1.26 0.00
45.00 6.39 1.26 0.00
46.00 6.39 1.26 0.00
47.00 6.39 1.26 0.00
48.00 6.39 1.26 0.00
49.00 6.39 1.26 0.00
50.00 6.39 1.26 0.00
51.00 6.39 1.26 0.00
52.00 6.39 1.26 0.00
53.00 6.39 1.26 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 1.26 0.00
55.00 6.39 1.26 0.00
56.00 6.39 1.26 0.00
57.00 6.39 1.26 0.00
58.00 6.39 1.26 0.00
59.00 6.39 1.26 0.00
60.00 6.39 1.26 0.00
61.00 6.39 1.26 0.00
62.00 6.39 1.26 0.00
63.00 6.39 1.26 0.00
64.00 6.39 1.26 0.00
65.00 6.39 1.26 0.00
66.00 6.39 1.26 0.00
67.00 6.39 1.26 0.00
68.00 6.39 1.26 0.00
69.00 6.39 1.26 0.00
70.00 6.39 1.26 0.00
71.00 6.39 1.26 0.00
72.00 6.39 1.26 0.00
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Summary for Subcatchment 24S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 24S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs
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Hydrograph for Subcatchment 24S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 25S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 25S: South Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs
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Hydrograph for Subcatchment 25S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 26S: Sed. Basin

Runoff = 25.73 cfs @ 11.96 hrs,  Volume= 1.251 af,  Depth= 5.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 1.500 98
* 1.500 78

3.000 88 Weighted Average
1.500 50.00% Pervious Area
1.500 50.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 26S: Sed. Basin

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.000 ac
Runoff Volume=1.251 af

Runoff Depth=5.00"
Tc=5.0 min

CN=88

25.73 cfs
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Hydrograph for Subcatchment 26S: Sed. Basin

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.01
5.00 0.40 0.01 0.05
6.00 0.51 0.04 0.09
7.00 0.63 0.08 0.14
8.00 0.77 0.13 0.19
9.00 0.94 0.22 0.33

10.00 1.16 0.35 0.47
11.00 1.50 0.58 0.95
12.00 4.24 2.95 21.48
13.00 4.93 3.61 1.19
14.00 5.24 3.90 0.71
15.00 5.45 4.10 0.56
16.00 5.62 4.26 0.44
17.00 5.76 4.40 0.38
18.00 5.89 4.52 0.34
19.00 5.99 4.62 0.29
20.00 6.08 4.71 0.25
21.00 6.16 4.78 0.23
22.00 6.24 4.86 0.22
23.00 6.32 4.93 0.22
24.00 6.39 5.00 0.21
25.00 6.39 5.00 0.00
26.00 6.39 5.00 0.00
27.00 6.39 5.00 0.00
28.00 6.39 5.00 0.00
29.00 6.39 5.00 0.00
30.00 6.39 5.00 0.00
31.00 6.39 5.00 0.00
32.00 6.39 5.00 0.00
33.00 6.39 5.00 0.00
34.00 6.39 5.00 0.00
35.00 6.39 5.00 0.00
36.00 6.39 5.00 0.00
37.00 6.39 5.00 0.00
38.00 6.39 5.00 0.00
39.00 6.39 5.00 0.00
40.00 6.39 5.00 0.00
41.00 6.39 5.00 0.00
42.00 6.39 5.00 0.00
43.00 6.39 5.00 0.00
44.00 6.39 5.00 0.00
45.00 6.39 5.00 0.00
46.00 6.39 5.00 0.00
47.00 6.39 5.00 0.00
48.00 6.39 5.00 0.00
49.00 6.39 5.00 0.00
50.00 6.39 5.00 0.00
51.00 6.39 5.00 0.00
52.00 6.39 5.00 0.00
53.00 6.39 5.00 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 5.00 0.00
55.00 6.39 5.00 0.00
56.00 6.39 5.00 0.00
57.00 6.39 5.00 0.00
58.00 6.39 5.00 0.00
59.00 6.39 5.00 0.00
60.00 6.39 5.00 0.00
61.00 6.39 5.00 0.00
62.00 6.39 5.00 0.00
63.00 6.39 5.00 0.00
64.00 6.39 5.00 0.00
65.00 6.39 5.00 0.00
66.00 6.39 5.00 0.00
67.00 6.39 5.00 0.00
68.00 6.39 5.00 0.00
69.00 6.39 5.00 0.00
70.00 6.39 5.00 0.00
71.00 6.39 5.00 0.00
72.00 6.39 5.00 0.00
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Summary for Pond 17P: North Access Culvert

[57] Hint: Peaked at 430.45' (Flood elevation advised)

Inflow Area = 48.550 ac, 3.09% Impervious,  Inflow Depth > 2.95"    for  25yr-24hr event
Inflow = 36.87 cfs @ 12.01 hrs,  Volume= 11.927 af
Outflow = 36.87 cfs @ 12.01 hrs,  Volume= 11.927 af,  Atten= 0%,  Lag= 0.0 min
Primary = 36.87 cfs @ 12.01 hrs,  Volume= 11.927 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 430.45' @ 12.01 hrs

Device Routing Invert Outlet Devices
#1 Primary 426.77' 30.0"  Round Culvert

L= 194.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 426.77' / 421.80'   S= 0.0256 '/'   Cc= 0.900
n= 0.010,  Flow Area= 4.91 sf

Primary OutFlow  Max=36.87 cfs @ 12.01 hrs  HW=430.45'   (Free Discharge)
1=Culvert  (Inlet Controls 36.87 cfs @ 7.51 fps)

Pond 17P: North Access Culvert

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=48.550 ac
Peak Elev=430.45'

30.0"
Round Culvert

n=0.010
L=194.0'

S=0.0256 '/'

36.87 cfs36.87 cfs
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Pond 17P: North Access Culvert

Primary

Stage-Discharge
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Pond 17P: North Access Culvert

Storage
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Hydrograph for Pond 17P: North Access Culvert

Time
(hours)

Inflow
(cfs)

Elevation
(feet)

Primary
(cfs)

0.00 0.00 426.77 0.00
1.00 0.00 426.77 0.00
2.00 0.00 426.77 0.00
3.00 0.00 426.77 0.00
4.00 0.00 426.77 0.00
5.00 0.01 426.80 0.01
6.00 0.02 426.82 0.02
7.00 0.04 426.85 0.04
8.00 0.12 426.90 0.12
9.00 0.30 426.98 0.30

10.00 0.61 427.07 0.61
11.00 0.73 427.10 0.73
12.00 36.63 430.42 36.63
13.00 6.72 427.81 6.72
14.00 5.78 427.73 5.78
15.00 5.51 427.70 5.51
16.00 5.23 427.68 5.23
17.00 5.09 427.67 5.09
18.00 4.95 427.65 4.95
19.00 4.79 427.64 4.79
20.00 4.61 427.62 4.61
21.00 4.51 427.61 4.51
22.00 4.43 427.60 4.43
23.00 4.34 427.59 4.34
24.00 4.25 427.58 4.25
25.00 3.44 427.50 3.44
26.00 3.22 427.47 3.22
27.00 3.09 427.46 3.09
28.00 2.97 427.44 2.97
29.00 2.84 427.43 2.84
30.00 2.69 427.41 2.69
31.00 2.53 427.39 2.53
32.00 2.43 427.38 2.43
33.00 2.34 427.36 2.34
34.00 2.25 427.35 2.25
35.00 2.14 427.34 2.14
36.00 2.00 427.32 2.00
37.00 1.91 427.30 1.91
38.00 1.85 427.29 1.85
39.00 1.78 427.28 1.78
40.00 1.71 427.27 1.71
41.00 1.64 427.26 1.64
42.00 1.54 427.25 1.54
43.00 1.44 427.23 1.44
44.00 1.40 427.22 1.40
45.00 1.36 427.22 1.36
46.00 1.32 427.21 1.32
47.00 1.28 427.20 1.28
48.00 1.23 427.20 1.23
49.00 1.18 427.19 1.18
50.00 1.11 427.17 1.11
51.00 1.04 427.16 1.04
52.00 1.01 427.15 1.01
53.00 0.99 427.15 0.99

Time
(hours)

Inflow
(cfs)

Elevation
(feet)

Primary
(cfs)

54.00 0.97 427.15 0.97
55.00 0.95 427.14 0.95
56.00 0.93 427.14 0.93
57.00 0.90 427.13 0.90
58.00 0.87 427.13 0.87
59.00 0.83 427.12 0.83
60.00 0.79 427.11 0.79
61.00 0.74 427.10 0.74
62.00 0.73 427.10 0.73
63.00 0.73 427.10 0.73
64.00 0.73 427.10 0.73
65.00 0.73 427.10 0.73
66.00 0.73 427.10 0.73
67.00 0.73 427.10 0.73
68.00 0.73 427.10 0.73
69.00 0.73 427.10 0.73
70.00 0.73 427.10 0.73
71.00 0.73 427.10 0.73
72.00 0.73 427.10 0.73
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Stage-Discharge for Pond 17P: North Access Culvert

Elevation
(feet)

Primary
(cfs)

426.77 0.00
426.79 0.00
426.81 0.01
426.83 0.03
426.85 0.05
426.87 0.07
426.89 0.10
426.91 0.14
426.93 0.18
426.95 0.23
426.97 0.28
426.99 0.34
427.01 0.40
427.03 0.47
427.05 0.54
427.07 0.62
427.09 0.71
427.11 0.80
427.13 0.89
427.15 0.99
427.17 1.09
427.19 1.20
427.21 1.31
427.23 1.43
427.25 1.55
427.27 1.68
427.29 1.81
427.31 1.95
427.33 2.09
427.35 2.24
427.37 2.39
427.39 2.54
427.41 2.70
427.43 2.87
427.45 3.03
427.47 3.21
427.49 3.38
427.51 3.56
427.53 3.74
427.55 3.93
427.57 4.12
427.59 4.32
427.61 4.52
427.63 4.72
427.65 4.93
427.67 5.14
427.69 5.35
427.71 5.57
427.73 5.79
427.75 6.02
427.77 6.24
427.79 6.47
427.81 6.71
427.83 6.94

Elevation
(feet)

Primary
(cfs)

427.85 7.19
427.87 7.43
427.89 7.67
427.91 7.92
427.93 8.18
427.95 8.43
427.97 8.69
427.99 8.95
428.01 9.21
428.03 9.48
428.05 9.74
428.07 10.01
428.09 10.28
428.11 10.56
428.13 10.84
428.15 11.11
428.17 11.39
428.19 11.68
428.21 11.96
428.23 12.25
428.25 12.53
428.27 12.82
428.29 13.11
428.31 13.41
428.33 13.70
428.35 13.99
428.37 14.29
428.39 14.59
428.41 14.88
428.43 15.18
428.45 15.48
428.47 15.78
428.49 16.08
428.51 16.38
428.53 16.68
428.55 16.98
428.57 17.28
428.59 17.58
428.61 17.89
428.63 18.19
428.65 18.49
428.67 18.79
428.69 19.08
428.71 19.38
428.73 19.68
428.75 19.98
428.77 20.27
428.79 20.56
428.81 20.86
428.83 21.14
428.85 21.43
428.87 21.72
428.89 22.00
428.91 22.28

Elevation
(feet)

Primary
(cfs)

428.93 22.56
428.95 22.83
428.97 23.10
428.99 23.37
429.01 23.63
429.03 23.89
429.05 24.15
429.07 24.40
429.09 24.64
429.11 24.88
429.13 25.11
429.15 25.33
429.17 25.54
429.19 25.75
429.21 25.94
429.23 26.12
429.25 26.29
429.27 26.43
429.29 26.64
429.31 26.84
429.33 27.05
429.35 27.26
429.37 27.46
429.39 27.66
429.41 27.87
429.43 28.07
429.45 28.26
429.47 28.46
429.49 28.66
429.51 28.85
429.53 29.04
429.55 29.24
429.57 29.43
429.59 29.62
429.61 29.80
429.63 29.99
429.65 30.18
429.67 30.36
429.69 30.54
429.71 30.73
429.73 30.91
429.75 31.09
429.77 31.27
429.79 31.44
429.81 31.62
429.83 31.80
429.85 31.97
429.87 32.15
429.89 32.32
429.91 32.49
429.93 32.66
429.95 32.84
429.97 33.01
429.99 33.17

Elevation
(feet)

Primary
(cfs)

430.01 33.34
430.03 33.51
430.05 33.68
430.07 33.84
430.09 34.01
430.11 34.17
430.13 34.33
430.15 34.49
430.17 34.66
430.19 34.82
430.21 34.98
430.23 35.14
430.25 35.30
430.27 35.45
430.29 35.61
430.31 35.77
430.33 35.92
430.35 36.08
430.37 36.23
430.39 36.39
430.41 36.54
430.43 36.69
430.45 36.84
430.47 37.00
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Stage-Area-Storage for Pond 17P: North Access Culvert

Elevation
(feet)

Storage
(cubic-feet)

426.77 0
426.82 0
426.87 0
426.92 0
426.97 0
427.02 0
427.07 0
427.12 0
427.17 0
427.22 0
427.27 0
427.32 0
427.37 0
427.42 0
427.47 0
427.52 0
427.57 0
427.62 0
427.67 0
427.72 0
427.77 0
427.82 0
427.87 0
427.92 0
427.97 0
428.02 0
428.07 0
428.12 0
428.17 0
428.22 0
428.27 0
428.32 0
428.37 0
428.42 0
428.47 0
428.52 0
428.57 0
428.62 0
428.67 0
428.72 0
428.77 0
428.82 0
428.87 0
428.92 0
428.97 0
429.02 0
429.07 0
429.12 0
429.17 0
429.22 0
429.27 0
429.32 0
429.37 0
429.42 0

Elevation
(feet)

Storage
(cubic-feet)

429.47 0
429.52 0
429.57 0
429.62 0
429.67 0
429.72 0
429.77 0
429.82 0
429.87 0
429.92 0
429.97 0
430.02 0
430.07 0
430.12 0
430.17 0
430.22 0
430.27 0
430.32 0
430.37 0
430.42 0
430.47 0
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Summary for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow Area = 31.050 ac, 4.83% Impervious,  Inflow Depth = 4.03"    for  25yr-24hr event
Inflow = 150.51 cfs @ 12.05 hrs,  Volume= 10.426 af
Outflow = 3.96 cfs @ 16.43 hrs,  Volume= 9.885 af,  Atten= 97%,  Lag= 263.0 min
Primary = 3.96 cfs @ 16.43 hrs,  Volume= 9.885 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Starting Elev= 439.25'   Surf.Area= 0.512 ac   Storage= 1.425 af
Peak Elev= 447.32' @ 16.43 hrs   Surf.Area= 1.269 ac   Storage= 8.622 af   (7.197 af above start)
Flood Elev= 450.50'   Surf.Area= 1.540 ac   Storage= 13.095 af   (11.670 af above start)

Plug-Flow detention time= 1,350.0 min calculated for 8.459 af (81% of inflow)
Center-of-Mass det. time= 1,087.9 min ( 1,905.4 - 817.5 )

Volume Invert Avail.Storage Storage Description
#1 434.00' 14.687 af Sediment Basin (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

434.00 0.030 0.000 0.000
435.00 0.130 0.080 0.080
436.00 0.220 0.175 0.255
437.00 0.300 0.260 0.515
438.00 0.390 0.345 0.860
439.00 0.490 0.440 1.300
440.00 0.580 0.535 1.835
441.00 0.670 0.625 2.460
442.00 0.770 0.720 3.180
443.00 0.870 0.820 4.000
444.00 0.960 0.915 4.915
445.00 1.060 1.010 5.925
446.00 1.150 1.105 7.030
447.00 1.240 1.195 8.225
448.00 1.330 1.285 9.510
449.00 1.410 1.370 10.880
450.00 1.500 1.455 12.335
451.00 1.580 1.540 13.875
451.50 1.670 0.812 14.687

Device Routing Invert Outlet Devices
#1 Primary 438.75' 18.0"  Round RCP_Round  18"

L= 100.0'   RCP, square edge headwall,  Ke= 0.500
Inlet / Outlet Invert= 438.75' / 436.75'   S= 0.0200 '/'   Cc= 0.900
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf

#2 Device 1 439.25' 0.734 cfs Constant Flow/Skimmer Phase-In= 0.50'
#3 Device 1 441.25' 1.5" Vert. Orifice/Grate X 5.00 columns

X 8 rows with 12.0" cc spacing C= 0.600
#4 Device 1 450.00' 48.0" x 48.0" Horiz. Orifice/Grate  C= 0.600

Limited to weir flow at low heads
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#5 Secondary 450.25' 25.0' long  x 10.0' breadth Broad-Crested Rectangular Weir
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64

Primary OutFlow  Max=3.97 cfs @ 16.43 hrs  HW=447.32'   (Free Discharge)
1=RCP_Round  18"  (Passes 3.97 cfs of 23.40 cfs potential flow)

2=Constant Flow/Skimmer  (Constant Controls 0.73 cfs)
3=Orifice/Grate  (Orifice Controls 3.23 cfs @ 8.05 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=439.25'   (Free Discharge)
5=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)

160

140

120

100

80

60

40

20

0

Inflow Area=31.050 ac
Peak Elev=447.32'

Storage=8.622 af

150.51 cfs

3.96 cfs3.96 cfs0.00 cfs
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Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Total
Primary
Secondary

Stage-Discharge

Discharge  (cfs)
120100806040200

El
ev

at
io

n
(fe

et
)

450

448

446

444

442

440

438

436

434

 RCP_Round  18" Constant Flow/Skimmer

 Orifice/Grate

 Orifice/Grate Broad-Crested Rectangular Weir

Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Surface
Storage

Stage-Area-Storage

Storage (acre-feet)
14121086420

Surface/Horizontal/Wetted Area (acres)
10

El
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at
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n
(fe

et
)

450
448
446
444
442
440
438
436
434

 Starting Elevation

 Flood Elevation

 Sediment Basin
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Hydrograph for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Time
(hours)

Inflow
(cfs)

Storage
(acre-feet)

Elevation
(feet)

Outflow
(cfs)

Primary
(cfs)

Secondary
(cfs)

0.00 0.00 1.425 439.25 0.00 0.00 0.00
2.00 0.00 1.425 439.25 0.00 0.00 0.00
4.00 0.01 1.425 439.25 0.00 0.00 0.00
6.00 0.09 1.432 439.26 0.02 0.02 0.00
8.00 0.62 1.470 439.34 0.12 0.12 0.00

10.00 2.40 1.646 439.67 0.61 0.61 0.00
12.00 141.10 4.112 443.13 1.40 1.40 0.00
14.00 7.16 8.347 447.10 3.82 3.82 0.00
16.00 4.31 8.617 447.31 3.96 3.96 0.00
18.00 3.29 8.580 447.28 3.93 3.93 0.00
20.00 2.42 8.409 447.15 3.85 3.85 0.00
22.00 2.17 8.157 446.94 3.73 3.73 0.00
24.00 2.00 7.897 446.73 3.59 3.59 0.00
26.00 0.00 7.366 446.29 3.22 3.22 0.00
28.00 0.00 6.855 445.85 2.97 2.97 0.00
30.00 0.00 6.386 445.43 2.69 2.69 0.00
32.00 0.00 5.966 445.04 2.43 2.43 0.00
34.00 0.00 5.579 444.67 2.25 2.25 0.00
36.00 0.00 5.227 444.32 2.00 2.00 0.00
38.00 0.00 4.910 444.00 1.85 1.85 0.00
40.00 0.00 4.616 443.68 1.71 1.71 0.00
42.00 0.00 4.346 443.39 1.54 1.54 0.00
44.00 0.00 4.106 443.12 1.40 1.40 0.00
46.00 0.00 3.882 442.86 1.32 1.32 0.00
48.00 0.00 3.670 442.61 1.23 1.23 0.00
50.00 0.00 3.476 442.38 1.11 1.11 0.00
52.00 0.00 3.303 442.16 1.01 1.01 0.00
54.00 0.00 3.140 441.95 0.97 0.97 0.00
56.00 0.00 2.983 441.74 0.93 0.93 0.00
58.00 0.00 2.834 441.54 0.87 0.87 0.00
60.00 0.00 2.697 441.34 0.79 0.79 0.00
62.00 0.00 2.573 441.17 0.73 0.73 0.00
64.00 0.00 2.452 440.99 0.73 0.73 0.00
66.00 0.00 2.331 440.80 0.73 0.73 0.00
68.00 0.00 2.209 440.62 0.73 0.73 0.00
70.00 0.00 2.088 440.42 0.73 0.73 0.00
72.00 0.00 1.967 440.22 0.73 0.73 0.00
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Stage-Discharge for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

434.00 0.00 0.00 0.00
434.20 0.00 0.00 0.00
434.40 0.00 0.00 0.00
434.60 0.00 0.00 0.00
434.80 0.00 0.00 0.00
435.00 0.00 0.00 0.00
435.20 0.00 0.00 0.00
435.40 0.00 0.00 0.00
435.60 0.00 0.00 0.00
435.80 0.00 0.00 0.00
436.00 0.00 0.00 0.00
436.20 0.00 0.00 0.00
436.40 0.00 0.00 0.00
436.60 0.00 0.00 0.00
436.80 0.00 0.00 0.00
437.00 0.00 0.00 0.00
437.20 0.00 0.00 0.00
437.40 0.00 0.00 0.00
437.60 0.00 0.00 0.00
437.80 0.00 0.00 0.00
438.00 0.00 0.00 0.00
438.20 0.00 0.00 0.00
438.40 0.00 0.00 0.00
438.60 0.00 0.00 0.00
438.80 0.00 0.00 0.00
439.00 0.00 0.00 0.00
439.20 0.00 0.00 0.00
439.40 0.22 0.22 0.00
439.60 0.51 0.51 0.00
439.80 0.73 0.73 0.00
440.00 0.73 0.73 0.00
440.20 0.73 0.73 0.00
440.40 0.73 0.73 0.00
440.60 0.73 0.73 0.00
440.80 0.73 0.73 0.00
441.00 0.73 0.73 0.00
441.20 0.73 0.73 0.00
441.40 0.82 0.82 0.00
441.60 0.89 0.89 0.00
441.80 0.94 0.94 0.00
442.00 0.98 0.98 0.00
442.20 1.01 1.01 0.00
442.40 1.13 1.13 0.00
442.60 1.23 1.23 0.00
442.80 1.30 1.30 0.00
443.00 1.36 1.36 0.00
443.20 1.42 1.42 0.00
443.40 1.56 1.56 0.00
443.60 1.67 1.67 0.00
443.80 1.77 1.77 0.00
444.00 1.85 1.85 0.00
444.20 1.92 1.92 0.00
444.40 2.08 2.08 0.00
444.60 2.21 2.21 0.00

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

444.80 2.32 2.32 0.00
445.00 2.41 2.41 0.00
445.20 2.50 2.50 0.00
445.40 2.67 2.67 0.00
445.60 2.82 2.82 0.00
445.80 2.94 2.94 0.00
446.00 3.05 3.05 0.00
446.20 3.16 3.16 0.00
446.40 3.34 3.34 0.00
446.60 3.50 3.50 0.00
446.80 3.64 3.64 0.00
447.00 3.76 3.76 0.00
447.20 3.87 3.87 0.00
447.40 4.07 4.07 0.00
447.60 4.24 4.24 0.00
447.80 4.39 4.39 0.00
448.00 4.52 4.52 0.00
448.20 4.65 4.65 0.00
448.40 4.85 4.85 0.00
448.60 5.04 5.04 0.00
448.80 5.20 5.20 0.00
449.00 5.34 5.34 0.00
449.20 5.48 5.48 0.00
449.40 5.61 5.61 0.00
449.60 5.73 5.73 0.00
449.80 5.85 5.85 0.00
450.00 5.97 5.97 0.00
450.20 10.76 10.76 0.00
450.40 23.04 19.43 3.62
450.60 40.48 27.32 13.16
450.80 54.71 27.54 27.18
451.00 71.47 27.75 43.72
451.20 90.07 27.97 62.10
451.40 111.04 28.19 82.86
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Stage-Area-Storage for Pond 20P: Sediment Pond (WSE 439.25) Full Operation

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

434.00 0.030 0.000
434.20 0.050 0.008
434.40 0.070 0.020
434.60 0.090 0.036
434.80 0.110 0.056
435.00 0.130 0.080
435.20 0.148 0.108
435.40 0.166 0.139
435.60 0.184 0.174
435.80 0.202 0.213
436.00 0.220 0.255
436.20 0.236 0.301
436.40 0.252 0.349
436.60 0.268 0.401
436.80 0.284 0.457
437.00 0.300 0.515
437.20 0.318 0.577
437.40 0.336 0.642
437.60 0.354 0.711
437.80 0.372 0.784
438.00 0.390 0.860
438.20 0.410 0.940
438.40 0.430 1.024
438.60 0.450 1.112
438.80 0.470 1.204
439.00 0.490 1.300
439.20 0.508 1.400
439.40 0.526 1.503
439.60 0.544 1.610
439.80 0.562 1.721
440.00 0.580 1.835
440.20 0.598 1.953
440.40 0.616 2.074
440.60 0.634 2.199
440.80 0.652 2.328
441.00 0.670 2.460
441.20 0.690 2.596
441.40 0.710 2.736
441.60 0.730 2.880
441.80 0.750 3.028
442.00 0.770 3.180
442.20 0.790 3.336
442.40 0.810 3.496
442.60 0.830 3.660
442.80 0.850 3.828
443.00 0.870 4.000
443.20 0.888 4.176
443.40 0.906 4.355
443.60 0.924 4.538
443.80 0.942 4.725
444.00 0.960 4.915
444.20 0.980 5.109
444.40 1.000 5.307
444.60 1.020 5.509

Elevation
(feet)

Surface
(acres)

Storage
(acre-feet)

444.80 1.040 5.715
445.00 1.060 5.925
445.20 1.078 6.139
445.40 1.096 6.356
445.60 1.114 6.577
445.80 1.132 6.802
446.00 1.150 7.030
446.20 1.168 7.262
446.40 1.186 7.497
446.60 1.204 7.736
446.80 1.222 7.979
447.00 1.240 8.225
447.20 1.258 8.475
447.40 1.276 8.728
447.60 1.294 8.985
447.80 1.312 9.246
448.00 1.330 9.510
448.20 1.346 9.778
448.40 1.362 10.048
448.60 1.378 10.322
448.80 1.394 10.600
449.00 1.410 10.880
449.20 1.428 11.164
449.40 1.446 11.451
449.60 1.464 11.742
449.80 1.482 12.037
450.00 1.500 12.335
450.20 1.516 12.637
450.40 1.532 12.941
450.60 1.548 13.249
450.80 1.564 13.561
451.00 1.580 13.875
451.20 1.616 14.195
451.40 1.652 14.521



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 36.87 cfs

Design Flow: 36.87 cfs

Maximum Flow: 36.87 cfs



Table 1 - Summary of Culvert Flows at Crossing: North Access Road
Headwater Elevation 

(ft)
Total Discharge (cfs) 1-30in RCP 

Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

428.70 36.87 36.87 0.00 1

451.50 120.15 120.15 0.00 Overtopping



Rating Curve Plot for Crossing: North Access Road



Table 2 - Culvert Summary Table: 1-30in RCP
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922

36.87 36.87 428.70 3.878 1.938 5-S2n 1.351 2.055 1.445 1.332 12.152 6.922



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 424.82 ft,    Outlet Elevation (invert): 422.27 ft

Culvert Length: 131.02 ft,    Culvert Slope: 0.0195

********************************************************************************



Culvert Performance Curve Plot: 1-30in RCP



Water Surface Profile Plot for Culvert: 1-30in RCP

Site Data - 1-30in RCP

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  424.82 ft

Outlet Station:  131.00 ft

Outlet Elevation:  422.27 ft

Number of Barrels:  1

Culvert Data Summary - 1-30in RCP

Barrel Shape:  Circular

Barrel Diameter:  2.50 ft

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0120

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: North Access Road)

Flow (cfs) Water Surface 
Elev (ft)

Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49
36.87 423.60 1.33 6.92 4.07 1.49



Tailwater Channel Data - North Access Road

Tailwater Channel Option:  Triangular Channel

Side Slope (H:V):  3.00 (_:1)

Channel Slope:  0.0490

Channel Manning's n:  0.0350

Channel Invert Elevation:  422.27 ft

Roadway Data for Crossing: North Access Road

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  300.00 ft

Crest Elevation:  451.50 ft

Roadway Surface:  Gravel

Roadway Top Width:  22.00 ft



Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.1C
Perimeter Channel Design(Rev 3)
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I. PURPOSE

The purpose of this analysis is to design the proposed perimeter ditch for the Scepter Class II Disposal
Facility in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The channel design was performed as part of the Part II Solid Waste Permit Application.  The proposed
site will be permitted as a new Class II solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for  a
depiction of the channel locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the
channels design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the channels:

Rule 0400-11-01-.04(2)(i)1.

The operator must design, construct, operate, and maintain a run-on control system capable of preventing flow
onto the active portion of the facility for all flow up to and including peak discharge from a 24-hour, 25-year storm.

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The results of the analysis presented herein show that the channels are designed to collect and control
at least the peak flow resulting from a 25-year/24-hour storm. The perimeter ditch will convey landfill
run-off flow towards the sediment basin. The landfill perimeter follows the sites existing high point ridge
line, therefore run-on flows are absent.

Rule 0400-11-01-.04(2)(i)6.

The operator must take other erosion control measure (e.g., temporary mulching or seeding, silt barriers) as
necessary to control erosion of the site.

Proper channel lining will be selected based on anticipated velocities such that erosion within the
channels will be significantly reduced.
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IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the channels were initially assumed
and then confirmed through multiple iterations.

The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations. The Federal Highway
Administration’s Hydraulic Toolbox was used to conduct hydraulic calculations for this analysis with
inputs based on the site geometry, rainfall data, and other design assumptions.

The HydroCAD model was used to generate peak flow rates for the upstream watershed features.
Hydraulic Toolbox was used to generate channel velocities and water surface elevations at the most
critical points along the channel alignment.  The proposed channels will pass flows equal to and lesser
than those generated by the 24-hour, 25-year storm.

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· A design parameter minimum six (6) inches of freeboard was used.

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 98 for sediment basin water surface.

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

VI. SUMMARY OF RESULTS

The channels properly control and convey the water volume generated by the 24-hour, 25-year storm
such that the peak water surface elevation stays safely below the impounding sideslopes with greater
than six (6) inches of freeboard.  A turf reinforced matting (TRM) channel lining was chosen for all
channels as the maximum peak design velocity is under 11 fps. Appendix C includes specifications for
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GreenArmor TRM with permissible vegetated velocities of 16 fps exceeding the maximum design peak
velocity of 11 fps.  Riprap maybe used as a replacement to TRM where deemed necessary.

Table 1 – Perimeter Ditch Summary

Parameter
Peak

Discharge
(cfs)

Slope
(ft/ft)

Flow Depth
(feet)

Freeboard
(feet)

Velocity
(fps)

Shear Stress
(lb/ft2)

Max. Depth 83.65 0.02 1.709 1.291 6.025 1.255
Max. Velocity 83.65 0.08 1.237 1.763 10.071 3.830

VII. CONCLUSIONS
The proposed grading of the landfill site in combination with the design of the channels as presented
above is sufficient to safely control and convey the 24-hour, 25-year storm as stipulated by TDEC
regulations.  Calculations for proper conveyance of upstream and downstream flows were not presented
in this analysis and will be performed separately.  Refer to accompanying calculations for upstream and
downstream conveyance design features (storm water terraces and letdowns, culverts and sediment
basins) conveyance features.

VIII. ATTACHMENTS
Figures:
Exhibit 1: Drainage Map

Attachments:
Attachment A: NOAA Precipitation Frequency Data
Attachment B: Perimeter Ditch: Drainage Map, HydroCAD report, and Hydraulic Toolbox Report
Attachment C: Turf Reinforced Matting: GreenArmor System

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.
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NOAA Atlas 14, Volume 2, Version 3 
Location name: Waverly, Tennessee, US* 
Latitude: 36.0689°, Longitude: -87.9462° 

Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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21S

North Sed. Basin
 Culvert

22S

South Sed. Basin
 Culvert

Routing Diagram for Sediment Basin
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Sediment Basin
  Printed  5/23/2017Prepared by AECOM

Page 2HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment 21S: North Sed. Basin Culvert

Runoff = 83.65 cfs @ 12.06 hrs,  Volume= 5.231 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 15.990 78

15.990 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3333 4.04 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 116 0.1042 17.75 496.95 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

0.9 916 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

1.1 592 0.0250 9.32 335.59 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.6 554 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 3
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.1 55 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 4
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

14.0 2,842 Total
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Subcatchment 21S: North Sed. Basin Culvert

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=15.990 ac
Runoff Volume=5.231 af

Runoff Depth=3.93"
Flow Length=2,842'

Tc=14.0 min
CN=78

83.65 cfs
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Hydrograph for Subcatchment 21S: North Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.06
8.00 0.77 0.01 0.25
9.00 0.94 0.04 0.62

10.00 1.16 0.10 1.12
11.00 1.50 0.23 2.67
12.00 4.24 2.08 73.26
13.00 4.93 2.65 6.29
14.00 5.24 2.92 3.64
15.00 5.45 3.10 2.81
16.00 5.62 3.25 2.20
17.00 5.76 3.37 1.90
18.00 5.89 3.48 1.68
19.00 5.99 3.57 1.46
20.00 6.08 3.65 1.23
21.00 6.16 3.72 1.15
22.00 6.24 3.79 1.11
23.00 6.32 3.86 1.07
24.00 6.39 3.93 1.02
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 22S: South Sed. Basin Culvert

Runoff = 58.35 cfs @ 12.08 hrs,  Volume= 3.945 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 12.060 78

12.060 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Let Down
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

1.7 1,668 0.0800 16.68 600.32 Channel Flow, Perimeter Ditch 1
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

0.9 429 0.0200 8.34 300.16 Channel Flow, Perimeter Ditch 2
Area= 36.0 sf  Perim= 22.0'  r= 1.64'  n= 0.035

16.5 2,770 Total

Subcatchment 22S: South Sed. Basin Culvert

Runoff

Hydrograph
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=12.060 ac
Runoff Volume=3.945 af

Runoff Depth=3.93"
Flow Length=2,770'

Tc=16.5 min
CN=78

58.35 cfs
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Hydrograph for Subcatchment 22S: South Sed. Basin Culvert

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.04
8.00 0.77 0.01 0.18
9.00 0.94 0.04 0.45

10.00 1.16 0.10 0.82
11.00 1.50 0.23 1.94
12.00 4.24 2.08 46.36
13.00 4.93 2.65 4.91
14.00 5.24 2.92 2.80
15.00 5.45 3.10 2.13
16.00 5.62 3.25 1.68
17.00 5.76 3.37 1.44
18.00 5.89 3.48 1.27
19.00 5.99 3.57 1.11
20.00 6.08 3.65 0.94
21.00 6.16 3.72 0.87
22.00 6.24 3.79 0.84
23.00 6.32 3.86 0.81
24.00 6.39 3.93 0.77
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Thursday, March 24, 2016

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Run-off Ditch (Max Depth) 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Channel Width: 3.0000 ft 

Longitudinal Slope: 0.0200 ft/ft 

Manning's n:  0.0350 

Flow: 83.6500 cfs 

Result Parameters 

Depth: 1.7086 ft 

Area of Flow: 13.8839 ft^2 

Wetted Perimeter: 13.8062 ft 

Hydraulic Radius: 1.0056 ft 

Average Velocity: 6.0250 ft/s 

Top Width: 13.2516 ft 

Froude Number:  1.0373 

Critical Depth: 1.7393 ft 

Critical Velocity: 5.8525 ft/s 

Critical Slope: 0.0185 ft/ft 

Critical Top Width: 13.44 ft 

Calculated Max Shear Stress: 2.1323 lb/ft^2 

Calculated Avg Shear Stress: 1.2550 lb/ft^2 



Channel Analysis: Run-off Ditch (Max V) 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Channel Width: 3.0000 ft 

Longitudinal Slope: 0.0800 ft/ft 

Manning's n:  0.0350 

Flow: 83.6500 cfs 

Result Parameters 

Depth: 1.2375 ft 

Area of Flow: 8.3063 ft^2 

Wetted Perimeter: 10.8264 ft 

Hydraulic Radius: 0.7672 ft 

Average Velocity: 10.0706 ft/s 

Top Width: 10.4248 ft 

Froude Number:  1.9882 

Critical Depth: 1.7387 ft 

Critical Velocity: 5.8554 ft/s 

Critical Slope: 0.0185 ft/ft 

Critical Top Width: 13.43 ft 

Calculated Max Shear Stress: 6.1774 lb/ft^2 

Calculated Avg Shear Stress: 3.8300 lb/ft^2 



ATTACHMENT C
Turf Reinforced Matting: GreenArmor System



The GreenArmor™ System begins with Enkamat® 
TRM (Turf Reinforcement Mat), which provides 
a permanent, lofty and open matrix. It is then 
hydraulically infilled with Flexterra® FGM™  
(Flexible Growth Medium™) to intimately bond soil 
and seeds while accelerating growth. This unique 
system protects against elevated levels of hydraulic lift 
and shear forces while encouraging turf establishment 

and long-term root reinforcement. The synergistic combination of cost 
effective technologies enables the GreenArmor System to provide 
unprecedented levels of design safety.

GreenArmor™ 7010
Extend the Boundaries  
of Natural Vegetation

GENERAL
1.01 Summary

(Section 35 43 00 - Permanent 
Geosynthetic Turf Reinforcement Mat)

A.	�This section specifies a permanent 
Geosynthetic Turf Reinforcement Mat (TRM)
with Flexible Growth Medium (FGM)  
infill, to prevent long-term soil and 
vegetation loss resulting from excessive 
water flow (velocity and shear stress) in 
which unreinforced vegetation could not 
resist.  The FGM provides immediate and 
temporary protection against movement 
and/or loss of soil until vegetation can be 
established. The FGM infill also provides 
an ideal environment for rapid seed 
germination and accelerated plant and root 
establishment within the matrix of the TRM.

B.	� Related Sections: Other Specification 
Sections, which directly relate to the work 
of this Section include, but are not limited to 
the following:

1.	� Section 01 57 13 - Temporary Erosion and 
Sedimentation Controls

2.	� Section 31 25 00 - Erosion and  
Sedimentation Controls

3.	� Section 31 35 00 - Slope Protection

4.	� Section 32 91 00 - Planting Preparation

5.	� Section 32 92 00 - Turf and Grasses

6.	� Section 35 30 00 - Shoreline Protection

1.02 Submittals

A.	�Product Data: Submit manufacturer’s product 
data and installation instructions. Include  
required substrate preparation, list of materials 
and application rate.

B.	� Certifications: Manufacturer shall submit a 
letter of certification that the product meets 
or exceeds all physical property, endurance, 
performance and packaging requirements.

1.03 �Delivery, Storage and 
Handling

A.	�Deliver materials and products in UV and 
weather-resistant factory labeled packages. 
Store and handle in strict compliance 
with manufacturer’s instructions and 
recommendations. Protect from damage, 
weather, excessive temperatures and 
construction operations.

PRODUCTS
2.01 �Manufacturers/Or Their 

Representatives

A.	�PROFILE Products LLC 
750 Lake Cook Road—Suite 440 
Buffalo Grove, IL 60089 
800-508-8681 (Fax 847-215-0577) 
www.profileproducts.com

2.02 Materials

A.	�Turf Reinforcement Mat shall be Enkamat 7010, 
manufactured for the purpose of permanent 
channel lining and turf reinforcement. The TRM 
shall be made from 100% synthetic material and 
contain no biodegradable or photodegradable 
components or materials.

1.	� The TRM shall be a homogeneous, three-
dimensional matrix made of continuous 
monofilament yarns which are thermally fused 
at the crossover points to provide a structure 
that will maintain its three dimensional stability 
without laminated or stitched layers. No nettings 
or stitching shall be permitted. The TRM shall have 
a sufficient Area Holding Capacity and a minimum 
95% open space available for soil, FGM and root 
interaction. The TRM shall not lose its structural 
integrity and shall not unravel or separate when 
TRM is cut in the field.

2.	� The TRM shall exhibit no buoyancy factor (i.e., the  
specific gravity of the fibers used should be greater  
than 1.0) so as to allow the TRM to maintain 
intimate contact with the soil (particularly between 
fasteners) under low flow or submersed conditions. 

.4" thick
1.0 cm

.75" thick

.191 cm

Enkamat 7010

Enkamat 7020
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3.	� The TRM, when infilled with FGM, shall meet 
the property values noted.

B.	� Flexible Growth Medium for hydraulic  
infill of TRM shall be Flexterra® FGM™ and  
conform to the property values as presented 
in the Flexterra data sheet.

	� All components of the FGM shall be  
pre-packaged by the Manufacturer to assure 
material performance and in compliance 
with the following values. Under no 
circumstances will field mixing of 
additives or components be accepted.

	� Thermally Processed Wood Fibers –  
74.5% ± 3.5%

	� Proprietary Crosslinked Hydro-Colloid 
Tackifiers and Activators – 10% ± 1%

	� Proprietary Crimped, Interlocking Fibers –  
5% ±1%

	 Moisture Content – 10.5% ± 1.5%

EXECUTION 
3.01 Preparation

A.	�The installation site shall be prepared by 
clearing, grubbing and excavation or filling  
the area to the design grade.

B.	� The surface to receive the TRM shall be 
prepared to relatively smooth conditions  
free of obstructions, rocks, dirt clods,  
roots, stumps, depressions, debris and soft  
or low density pockets of material. The 
material shall be capable of supporting a 
vegetative cover.

C.	�Erosion features such as rills, gullies, etc.  
must be graded out of the surface before 
TRM deployment. Smooth roll drum 
compaction will be required before  
deploying TRM to make sure the TRM makes 
immediate contact with the soil and to 
ensure that the soil has been compacted.

D.	�Cut trenches for initial anchor trenches, 
termination trench and longitudinal anchor 
trenches (12 inches wide and 12 inches in 
depth) as shown on the drawings.

3.02 Installation 

A. 	�Care shall be taken during installation to 
avoid damage occurring to the TRM as a 
result of the installation process. Should the 
TRM be damaged during installation, a TRM 
patch shall be placed over the damaged area 
extending 1 m (3.28 ft) beyond the perimeter 
of the damage.

B. 	�Install anchoring devices at a frequency of  
2 1⁄2 pins/staples per square yard. Additional 
anchoring devices may be required depending 
on site conditions or alignment of the slope 
or channel. Always staple (1' centers) the 
seams between individual TRM rolls.

C.	�When overlapping successive TRM rolls, 
the rolls shall be overlapped upstream over 
downstream and/or upslope over downslope.   

D.	�For channels, begin at the downstream end 
in the center of the channel. Inspect trenches 
for position accuracy and depth and re-dig 
to required dimensions. If trenches have 
not yet been constructed, dig initial anchor 
trenches, check slot trenches and longitudinal 
anchor trenches as illustrated in installation 
guidelines or as directed on the plans. Unroll 

approximately 10' of the TRM, positioning the roll 
face down (as it unrolls) over the initial anchor 
trench, extending several inches beyond the 
trench with the roll sitting on the down stream 
side of the anchor trench.  Positioning roll in 
this manner permits backfilling and compaction 
of soil into the trench while allowing installer 
to proceed with proper deployment of TRM by 
unrolling upstream, over the anchor trench.   

E.	� Position second TRM with a minimum 4-inch 
overlap of the previous TRM and secure it into 
the anchor trench. After entire width area is 
installed with the TRM, then backfill and  
compact the anchor trench.

F .	� Continue deploying TRM upstream to the next 
check slot. Overlay a minimum of 18 inches  
the ends of rolls with the next roll(s) being 
deployed, or position in bottom of check slot, 
anchor and backfill and compact check  
slots. Continue the processes until you reach  
the upstream starting point of the TRM. 

G.	�For slopes, construct top anchor trench 
1-3' beyond crest of slope, or as illustrated 
in drawings or shown in manufacturers 
recommended installation guidelines. Position 
TRM roll at crest of slope with sufficient material 
to line the entire anchor trench plus enough 
material left over to cover the trench. Position 
adjacent rolls to facilitate 6" overlaps. Anchor 
TRM in trench with appropriate pins/staples 
at 1' centers. Once several rolls are anchored 
in trench, begin to backfill and compact trench 
to original elevation. The preferred method of 
deploying roll down slope is to stand in front 
of the roll and pin it as it rolls out down the 

slope, minimizing foot traffic on TRM, which 
will eliminate depressions under the mat. 
Always allow the mat to drape over the soil, 
never pulling it taut, to minimize tenting. Place 
additional pins into any apparent depressions to 
maintain contact with the soil.

H. 	�Hydraulically fill the TRM with 0.35 inches of 
FGM, applied with hose at close range. Optimum 
application rate is 3500 lbs/acre or to the depth 
of where the tips of TRM are still exposed.

I.	� Strictly comply with FGM manufacturer’s 
installation instructions and recommendations. 
For optimum FGM pumping and application 
performance, use approved mechanically agitated, 
hydraulic seeding/mulching machines, hose of 
sufficient length to reach the TRM, use of a 50 
degree tip/nozzle is highly recommended. Apply 
FGM from hose positioned over shoulder with 
nozzle approximately at chest level (48-60") to 
achieve optimum TRM infill.

J.	� For optimum hydraulic performance and 
vegetative establishment, be careful not to 
overfill the TRM. The tips of the TRM shall be 
slightly exposed. 

K. 	�Apply supplemental water over the area as 
directed by site personnel during germination 
and initial three months of vegetation growth.  

3.03 Cleaning and Protection

A.	�Clean spills promptly. Advise owner of methods 
for protection of treated areas. Do not allow 
treated areas to be trafficked or subjected  
to grazing.

© 2008 PROFILE Products LLC.  All Rights Reserved.  

A copyright license to reproduce this specification is hereby granted to non-manufacturing landscape architects, specification writers and designers. 

An electronic text file of this CSI formatted specification can be obtained 
by contacting a technical service representative at 800-508-8681.

PROFILE Products LLC
750 Lake Cook Rd. • Suite 440

Buffalo Grove, IL  60089 • 800-508-8681
www.profileproducts.com

TEST Method ENGLISH SI
Physical
Mass Per Unit Area ASTM D6566 19.5 oz /yd2 661 g/m2

Thickness ASTM D6525 0.40 in 10 mm
Tensile Strength - MD ASTM D6818 170 lb/ft 2.5 kN/m2

Light Penetration ASTM D6567 1.0% 1.0%
Ground Cover ASTM D6567 99.0% 99.0%
Absorption ASTM D1117 498.0% 498.0%
UV Resistance ASTM D7238 & D6818 80.0% 80.0%
Bench Scale C-Factor2 (average) ASTM D7101 0.01 0.01
Resiliency ASTM D6524 90.0% 90.0%
Endurance
Functional Longevity1 Observed > 36 months > 36 months
Performance
C-Factor Large Scale3 0.01 0.01
Manning’s n Range ASTM D6460 0.022 - 0.045 0.022 - 0.045
Permissible Vegetated Shear ASTM D6460 8.0 lb/ft2 0.38 kN/m2

Permissible Vegetated Velocity ASTM D6460 16.0 ft/s 4.9 m/s
Permissible Unvegetated Shear ASTM D6460 3.3 lb/ft2 0.16 kN/m2

Permissible Unvegetated Velocity ASTM D6460 12.0 ft/s 3.7 m/s
Vegetation Establishment ASTM D7322 800% 800%

1.  Functional longevity depends on moisture, light and environmental conditions.
2.  Cover Factor is calculated as soil loss ratio of treated surface versus an untreated control surface.
3.  �Large scale testing conducted at Utah Water Research facility using rainfall simulator on 2.5H:1V slope, sandy-loam soil, at a rate of  

5" per hour for a duration of 60 minutes.



Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.1D
Letdown Design (Rev 3)
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I. PURPOSE

The purpose of this analysis is to design the proposed landfill cap letdown channels for the Scepter Class
II Disposal Facility in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The letdown design was performed as part of the Part II Solid Waste Permit Application.  The proposed
site will be permitted as a new Class II solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for  a
depiction of the letdown locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the
letdown design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the letdowns:

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The results of the analysis presented herein show that the letdowns are designed to collect and control
at least the peak flow resulting from a 25-year/24-hour storm. The letdown channels will convey landfill
run-off flow towards the perimeter channels.

Rule 0400-11-01-.04(2)(i)6.

The operator must take other erosion control measure (e.g., temporary mulching or seeding, silt barriers) as
necessary to control erosion of the site.

Proper channel lining will be selected based on anticipated velocities such that erosion within the
letdowns will be significantly reduced.

IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the letdowns were initially assumed
and then confirmed through multiple iterations.
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The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations. The Federal Highway
Administration’s Hydraulic Toolbox was used to conduct hydraulic calculations for this analysis with
inputs based on the site geometry, rainfall data, and other design assumptions.

The HydroCAD model was used to generate peak flow rates for the upstream watershed features.
Hydraulic Toolbox was used to generate channel velocities and water surface elevations at the most
critical points along the letdown alignment. The proposed channels will pass flows equal to and lesser
than those generated by the 24-hour, 25-year storm.

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· A design parameter minimum six (6) inches of freeboard was used.

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 98 for sediment basin water surface.

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

VI. SUMMARY OF RESULTS

The letdowns properly control and convey the water volume generated by the 24-hour, 25-year storm
such that the average flow depth stays safely below the impounding sideslopes with greater than six
inches of freeboard.  A channel lining of riprap was chosen for all letdowns as the permissible shear
stress ranges from 1.47 to 4.35 lb/ft2 and the peak velocity ranged from 5.33 to 9.35 fps. See Table 1 for
further detail.

Table 1 - Letdown Summary

Letdown ID
Peak

Discharge
(cfs)

Slope (ft/ft) Flow Depth
(feet)

Freeboard
(feet) Velocity (fps) Shear Stress

(lb/ft2)

Northwest 36.21 0.2090 0.361 1.639 9.348 4.349
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Northeast 32.06 0.1853 0.349 1.651 8.599 3.730
Southeast A 18.17 0.0791 0.320 1.680 5.334 1.471
Southeast B 19.87 0.1042 0.311 1.689 6.008 1.888
Southwest 36.99 0.1866 0.379 1.621 9.076 4.058

VII. CONCLUSIONS
The proposed grading of the landfill site in combination with the design of the letdowns as presented
above is sufficient to safely control and convey the 24-hour, 25-year storm as stipulated by TDEC
regulations.  Calculations for proper conveyance of upstream and downstream flows were not presented
in this analysis and are performed separately.  Refer to accompanying calculations for upstream and
downstream conveyance design features (storm water terraces, ditches, culverts and sediment basins).

VIII. ATTACHMENTS
Figures:

Exhibit 1: Drainage Map

Attachments:

Attachment A: NOAA Precipitation Frequency Data
Attachment B: Letdown: Drainage Map, HydroCAD report, and Hydraulic Toolbox Report

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.
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NOAA Precipitation Frequency Data



NOAA Atlas 14, Volume 2, Version 3 
Location name: Waverly, Tennessee, US* 
Latitude: 36.0689°, Longitude: -87.9462° 

Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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ATTACHMENT B
Letdown Design



30S

Letdown NE

31S

Letdown SE - A

32S

Letdown SW

33S

Letdown NW

34S

Letdown SE - B

Routing Diagram for Terraces and Letdowns
Prepared by AECOM,  Printed 5/23/2017
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Subcat Reach Pond Link
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Summary for Subcatchment 30S: Letdown NE

Runoff = 32.06 cfs @ 12.01 hrs,  Volume= 1.717 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 5.250 78

5.250 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 72 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

3.2 285 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.3 452 0.1853 23.67 662.70 Channel Flow, Letdown
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

9.4 863 Total

Subcatchment 30S: Letdown NE

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=5.250 ac
Runoff Volume=1.717 af

Runoff Depth=3.93"
Flow Length=863'

Tc=9.4 min
CN=78

32.06 cfs
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Hydrograph for Subcatchment 30S: Letdown NE

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.02
8.00 0.77 0.01 0.09
9.00 0.94 0.04 0.21

10.00 1.16 0.10 0.39
11.00 1.50 0.23 0.94
12.00 4.24 2.08 31.93
13.00 4.93 2.65 1.96
14.00 5.24 2.92 1.16
15.00 5.45 3.10 0.91
16.00 5.62 3.25 0.71
17.00 5.76 3.37 0.62
18.00 5.89 3.48 0.55
19.00 5.99 3.57 0.47
20.00 6.08 3.65 0.40
21.00 6.16 3.72 0.38
22.00 6.24 3.79 0.36
23.00 6.32 3.86 0.35
24.00 6.39 3.93 0.33
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 31S: Letdown SE - A

Runoff = 18.17 cfs @ 12.06 hrs,  Volume= 1.132 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 3.460 78

3.460 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.4 90 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

4.3 390 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.1 93 0.0790 15.45 432.71 Channel Flow, Letdown
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

13.9 673 Total

Subcatchment 31S: Letdown SE - A

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.460 ac
Runoff Volume=1.132 af

Runoff Depth=3.93"
Flow Length=673'

Tc=13.9 min
CN=78

18.17 cfs
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Hydrograph for Subcatchment 31S: Letdown SE - A

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.01
8.00 0.77 0.01 0.05
9.00 0.94 0.04 0.13

10.00 1.16 0.10 0.24
11.00 1.50 0.23 0.58
12.00 4.24 2.08 15.97
13.00 4.93 2.65 1.36
14.00 5.24 2.92 0.79
15.00 5.45 3.10 0.61
16.00 5.62 3.25 0.48
17.00 5.76 3.37 0.41
18.00 5.89 3.48 0.36
19.00 5.99 3.57 0.32
20.00 6.08 3.65 0.27
21.00 6.16 3.72 0.25
22.00 6.24 3.79 0.24
23.00 6.32 3.86 0.23
24.00 6.39 3.93 0.22
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 32S: Letdown SW

Runoff = 36.99 cfs @ 12.06 hrs,  Volume= 2.293 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 7.010 78

7.010 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.1 100 0.0500 0.18 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.7 174 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

3.6 326 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.3 384 0.1866 23.75 665.02 Channel Flow, Letdown
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

13.7 984 Total

Subcatchment 32S: Letdown SW

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=7.010 ac
Runoff Volume=2.293 af

Runoff Depth=3.93"
Flow Length=984'

Tc=13.7 min
CN=78

36.99 cfs
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Hydrograph for Subcatchment 32S: Letdown SW

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.03
8.00 0.77 0.01 0.11
9.00 0.94 0.04 0.27

10.00 1.16 0.10 0.49
11.00 1.50 0.23 1.17
12.00 4.24 2.08 32.80
13.00 4.93 2.65 2.75
14.00 5.24 2.92 1.59
15.00 5.45 3.10 1.23
16.00 5.62 3.25 0.96
17.00 5.76 3.37 0.83
18.00 5.89 3.48 0.74
19.00 5.99 3.57 0.64
20.00 6.08 3.65 0.54
21.00 6.16 3.72 0.51
22.00 6.24 3.79 0.49
23.00 6.32 3.86 0.47
24.00 6.39 3.93 0.45
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 33S: Letdown NW

Runoff = 36.21 cfs @ 12.01 hrs,  Volume= 1.940 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 5.930 78

5.930 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.4 76 0.3300 0.37 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

5.7 510 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

0.3 442 0.2090 25.14 703.80 Channel Flow, Letdown
Area= 28.0 sf  Perim= 19.0'  r= 1.47'  n= 0.035

9.4 1,028 Total

Subcatchment 33S: Letdown NW

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050
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Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=5.930 ac
Runoff Volume=1.940 af

Runoff Depth=3.93"
Flow Length=1,028'

Tc=9.4 min
CN=78

36.21 cfs
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Hydrograph for Subcatchment 33S: Letdown NW

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.03
8.00 0.77 0.01 0.10
9.00 0.94 0.04 0.24

10.00 1.16 0.10 0.44
11.00 1.50 0.23 1.06
12.00 4.24 2.08 36.07
13.00 4.93 2.65 2.21
14.00 5.24 2.92 1.31
15.00 5.45 3.10 1.02
16.00 5.62 3.25 0.80
17.00 5.76 3.37 0.70
18.00 5.89 3.48 0.62
19.00 5.99 3.57 0.54
20.00 6.08 3.65 0.45
21.00 6.16 3.72 0.43
22.00 6.24 3.79 0.41
23.00 6.32 3.86 0.39
24.00 6.39 3.93 0.38
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00
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Summary for Subcatchment 34S: Letdown SE - B

Runoff = 19.87 cfs @ 12.03 hrs,  Volume= 1.132 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 3.460 78

3.460 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 54 0.0500 0.16 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.3 81 0.3300 4.02 Shallow Concentrated Flow, Shallow Concentrated Flow
Short Grass Pasture   Kv= 7.0 fps

5.3 474 0.0100 1.50 Shallow Concentrated Flow, Terrace
Grassed Waterway   Kv= 15.0 fps

11.2 609 Total

Subcatchment 34S: Letdown SE - B

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)

22
20
18
16
14
12
10

8
6
4
2
0

Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=3.460 ac
Runoff Volume=1.132 af

Runoff Depth=3.93"
Flow Length=609'

Tc=11.2 min
CN=78

19.87 cfs
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Hydrograph for Subcatchment 34S: Letdown SE - B

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.01
8.00 0.77 0.01 0.06
9.00 0.94 0.04 0.14

10.00 1.16 0.10 0.25
11.00 1.50 0.23 0.60
12.00 4.24 2.08 19.07
13.00 4.93 2.65 1.32
14.00 5.24 2.92 0.77
15.00 5.45 3.10 0.60
16.00 5.62 3.25 0.47
17.00 5.76 3.37 0.41
18.00 5.89 3.48 0.36
19.00 5.99 3.57 0.31
20.00 6.08 3.65 0.27
21.00 6.16 3.72 0.25
22.00 6.24 3.79 0.24
23.00 6.32 3.86 0.23
24.00 6.39 3.93 0.22
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00
53.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Thursday, June 16, 2016

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Letdown - NW 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Channel Width: 10.0000 ft 

Longitudinal Slope: 0.2090 ft/ft 

Manning's n:  0.0350 

Flow: 36.2100 cfs 

Result Parameters 

Depth: 0.3613 ft 

Area of Flow: 3.8735 ft^2 

Wetted Perimeter: 11.6156 ft 

Hydraulic Radius: 0.3335 ft 

Average Velocity: 9.3481 ft/s 

Top Width: 11.4450 ft 

Froude Number:  2.8317 

Critical Depth: 0.7055 ft 

Critical Velocity: 4.4982 ft/s 

Critical Slope: 0.0216 ft/ft 

Critical Top Width: 12.82 ft 

Calculated Max Shear Stress: 4.7113 lb/ft^2 

Calculated Avg Shear Stress: 4.3491 lb/ft^2 



Channel Analysis: Letdown - NE 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Channel Width: 10.0000 ft 

Longitudinal Slope: 0.1853 ft/ft 

Manning's n:  0.0350 

Flow: 32.0600 cfs 

Result Parameters 

Depth: 0.3485 ft 

Area of Flow: 3.7283 ft^2 

Wetted Perimeter: 11.5587 ft 

Hydraulic Radius: 0.3226 ft 

Average Velocity: 8.5991 ft/s 

Top Width: 11.3941 ft 

Froude Number:  2.6492 

Critical Depth: 0.6529 ft 

Critical Velocity: 4.3433 ft/s 

Critical Slope: 0.0221 ft/ft 

Critical Top Width: 12.61 ft 

Calculated Max Shear Stress: 4.0300 lb/ft^2 

Calculated Avg Shear Stress: 3.7296 lb/ft^2 



Channel Analysis: Letdown - SE - A 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Channel Width: 10.0000 ft 

Longitudinal Slope: 0.0791 ft/ft 

Manning's n:  0.0350 

Flow: 5.4100 cfs 

Result Parameters 

Depth: 0.1556 ft 

Area of Flow: 1.6044 ft^2 

Wetted Perimeter: 10.6959 ft 

Hydraulic Radius: 0.1500 ft 

Average Velocity: 3.3719 ft/s 

Top Width: 10.6224 ft 

Froude Number:  1.5290 

Critical Depth: 0.2059 ft 

Critical Velocity: 2.5239 ft/s 

Critical Slope: 0.0310 ft/ft 

Critical Top Width: 10.82 ft 

Calculated Max Shear Stress: 0.7680 lb/ft^2 

Calculated Avg Shear Stress: 0.7404 lb/ft^2 



Channel Analysis: Letdown - SE - B 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Channel Width: 10.0000 ft 

Longitudinal Slope: 0.1042 ft/ft 

Manning's n:  0.0350 

Flow: 5.4600 cfs 

Result Parameters 

Depth: 0.1443 ft 

Area of Flow: 1.4847 ft^2 

Wetted Perimeter: 10.6453 ft 

Hydraulic Radius: 0.1395 ft 

Average Velocity: 3.6775 ft/s 

Top Width: 10.5772 ft 

Froude Number:  1.7298 

Critical Depth: 0.2071 ft 

Critical Velocity: 2.5313 ft/s 

Critical Slope: 0.0309 ft/ft 

Critical Top Width: 10.83 ft 

Calculated Max Shear Stress: 0.9383 lb/ft^2 

Calculated Avg Shear Stress: 0.9068 lb/ft^2 



Channel Analysis: Letdown - SW 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Channel Width: 10.0000 ft 

Longitudinal Slope: 0.1866 ft/ft 

Manning's n:  0.0350 

Flow: 36.9900 cfs 

Result Parameters 

Depth: 0.3789 ft 

Area of Flow: 4.0756 ft^2 

Wetted Perimeter: 11.6943 ft 

Hydraulic Radius: 0.3485 ft 

Average Velocity: 9.0759 ft/s 

Top Width: 11.5154 ft 

Froude Number:  2.6884 

Critical Depth: 0.7150 ft 

Critical Velocity: 4.5259 ft/s 

Critical Slope: 0.0215 ft/ft 

Critical Top Width: 12.86 ft 

Calculated Max Shear Stress: 4.4114 lb/ft^2 

Calculated Avg Shear Stress: 4.0581 lb/ft^2 



Part II Permit Application
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APPENDIX F.1E
Storm Water Terrace Design (Rev 3)
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I. PURPOSE

The purpose of this analysis is to design the proposed landfill cap terrace channels for the Scepter Class
II Disposal Facility in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The terrace design was performed as part of the Part II  Solid Waste Permit Application.  The proposed
site will be permitted as a new Class II solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for  a
depiction of the terrace locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the terrace
design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the terraces:

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The results of the analysis presented herein show that the terraces are designed to collect and control at
least the peak flow resulting from a 25-year/24-hour storm.  The terrace channels will convey landfill
run-off flow towards the letdown channels and perimeter ditch.

Rule 0400-11-01-.04(2)(i)6.

The operator must take other erosion control measure (e.g., temporary mulching or seeding, silt barriers) as
necessary to control erosion of the site.

Proper channel lining will be selected based on anticipated velocities such that erosion within the
terrace channels will be significantly reduced.

IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the terraces were initially assumed
and then confirmed through analysis.
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The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations. The Federal Highway
Administration’s Hydraulic Toolbox was used to conduct hydraulic calculations for this analysis with
inputs based on the site geometry, rainfall data, and other design assumptions.

The presumed worst case terraces was modeled based on drainage area/length and channel slope.

The HydroCAD model was used to generate peak flow rates for the upstream watershed features.
Hydraulic Toolbox was used to generate channel velocities and water surface elevations at the most
critical points along the letdown alignment.  The proposed channels will pass flows equal to and lesser
than those generated by the 24-hour, 25-year storm.

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· The terraces were designed based on the worst case velocity and depth among the selected
candidates in order to be conservative.

· A design parameter minimum six (6) inches of freeboard was used.

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 98 for sediment basin water surface.

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

VI. SUMMARY OF RESULTS

The terraces properly control and convey the water volume generated by the 24-hour, 25-year storm
such that the average flow depth stays safely below the impounding sideslopes with much greater than
six (6) inches of freeboard.  A grass vegetated channel was chosen for all  terraces as the peak velocity
does not exceed 2.5 fps.

VII. CONCLUSIONS
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The proposed grading of the landfill site in combination with the design of the terraces as presented
above is sufficient to safely control and convey the 24-hour, 25-year storm as stipulated by TDEC
regulations. Calculations for proper conveyance of upstream and downstream flows were not presented
in this analysis and are performed separately.  Refer to accompanying calculations for upstream and
downstream conveyance design features (storm water letdowns, ditches, culverts and sediment basins).

VIII. ATTACHMENTS
Figures:
Exhibit 1: Drainage Map

Attachments:
Attachment A: NOAA Precipitation Frequency Data
Attachment B: Terrace: Drainage Map, HydroCAD report, and Hydraulic Toolbox Report

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.



EXHIBIT 1
Drainage Map
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NOAA Precipitation Frequency Data



NOAA Atlas 14, Volume 2, Version 3 
Location name: Waverly, Tennessee, US* 
Latitude: 36.0689°, Longitude: -87.9462° 

Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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ATTACHMENT B
Terrace Design



16S

Terrance Max Drainage
 Area

Routing Diagram for Terraces and Letdowns
Prepared by URS Corporation,  Printed 7/1/2016

HydroCAD® 10.00-14  s/n 09079  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Terraces and Letdowns
  Printed  7/1/2016Prepared by URS Corporation

Page 2HydroCAD® 10.00-14  s/n 09079  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 16S: Terrance Max Drainage Area

Runoff = 8.70 cfs @ 11.96 hrs,  Volume= 0.399 af,  Depth= 3.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 1.220 78 >75% Grass cover, Good, HSG D

1.220 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Min. Time of Concentration

Subcatchment 16S: Terrance Max Drainage Area

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

9

8

7

6

5

4

3

2

1

0

Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=1.220 ac
Runoff Volume=0.399 af

Runoff Depth=3.93"
Tc=5.0 min

CN=78

8.70 cfs



Type II 24-hr  25yr-24hr Rainfall=6.39"Terraces and Letdowns
  Printed  7/1/2016Prepared by URS Corporation
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Hydrograph for Subcatchment 16S: Terrance Max Drainage Area

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.01
8.00 0.77 0.01 0.02
9.00 0.94 0.04 0.05

10.00 1.16 0.10 0.09
11.00 1.50 0.23 0.23
12.00 4.24 2.08 7.39
13.00 4.93 2.65 0.43
14.00 5.24 2.92 0.26
15.00 5.45 3.10 0.21
16.00 5.62 3.25 0.16
17.00 5.76 3.37 0.14
18.00 5.89 3.48 0.13
19.00 5.99 3.57 0.11
20.00 6.08 3.65 0.09
21.00 6.16 3.72 0.09
22.00 6.24 3.79 0.08
23.00 6.32 3.86 0.08
24.00 6.39 3.93 0.08
25.00 6.39 3.93 0.00
26.00 6.39 3.93 0.00
27.00 6.39 3.93 0.00
28.00 6.39 3.93 0.00
29.00 6.39 3.93 0.00
30.00 6.39 3.93 0.00
31.00 6.39 3.93 0.00
32.00 6.39 3.93 0.00
33.00 6.39 3.93 0.00
34.00 6.39 3.93 0.00
35.00 6.39 3.93 0.00
36.00 6.39 3.93 0.00
37.00 6.39 3.93 0.00
38.00 6.39 3.93 0.00
39.00 6.39 3.93 0.00
40.00 6.39 3.93 0.00
41.00 6.39 3.93 0.00
42.00 6.39 3.93 0.00
43.00 6.39 3.93 0.00
44.00 6.39 3.93 0.00
45.00 6.39 3.93 0.00
46.00 6.39 3.93 0.00
47.00 6.39 3.93 0.00
48.00 6.39 3.93 0.00
49.00 6.39 3.93 0.00
50.00 6.39 3.93 0.00
51.00 6.39 3.93 0.00
52.00 6.39 3.93 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

53.00 6.39 3.93 0.00
54.00 6.39 3.93 0.00
55.00 6.39 3.93 0.00
56.00 6.39 3.93 0.00
57.00 6.39 3.93 0.00
58.00 6.39 3.93 0.00
59.00 6.39 3.93 0.00
60.00 6.39 3.93 0.00
61.00 6.39 3.93 0.00
62.00 6.39 3.93 0.00
63.00 6.39 3.93 0.00
64.00 6.39 3.93 0.00
65.00 6.39 3.93 0.00
66.00 6.39 3.93 0.00
67.00 6.39 3.93 0.00
68.00 6.39 3.93 0.00
69.00 6.39 3.93 0.00
70.00 6.39 3.93 0.00
71.00 6.39 3.93 0.00
72.00 6.39 3.93 0.00



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Thursday, June 16, 2016

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Terrace (Max Water Depth) 

Notes:  

Input Parameters 

Channel Type:  Custom Cross Section



Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 0.00 0.0350

15.00 -1.50 0.0350

19.50 0.00 -----



Longitudinal Slope: 0.0100 ft/ft 

Flow: 8.7000 cfs 

Result Parameters 

Depth: 0.7745 ft 

Area of Flow: 3.8988 ft^2 

Wetted Perimeter: 10.2326 ft 

Hydraulic Radius: 0.3810 ft 

Average Velocity: 2.2314 ft/s 

Top Width: 10.0683 ft 

Froude Number:  0.6319 

Critical Depth: 0.6446 ft 

Critical Velocity: 3.2215 ft/s 

Critical Slope: 0.0266 ft/ft 

Critical Top Width: 8.38 ft 

Calculated Max Shear Stress: 0.4833 lb/ft^2 

Calculated Avg Shear Stress: 0.2378 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0350 
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I. PURPOSE 

To verify that proposed storm water terraces are spaced such that the predicted soil erosion from the 
final cover of the Scepter East Phase Facility is less than 5 tons per acre per year.  The following sections 
summarize the methodology, assumptions, and results of the soil erosion analysis. For further detail on 
the  specific  calculations  performed,  refer  to  the  corresponding  input/output  data  provided  in  the 
attachments. 

II. METHOD 

The  intent of  this  calculation  is  to analyze and  verify  that predicted  soil erosion  from  the  final  cover 
system  of  the  Scepter  East  Phase  Facility will  be  less  than  5  tons  per  acre  per  year.    The  Revised 
Universal Soil Loss Equation (RUSLE) will be used to estimate the soil  loss from  interrill (sheet) and rill 
erosion caused by rainfall and associated overland flow.  RUSLE is an empirical equation which includes 
several factors based on long‐term averages.  The equation is expressed as follows: 

 

E	 ൌ 	R	 ∗ 	K	 ∗ 	LS	 ∗ 	C	 ∗ 	P 

Where: 

E  =   Computed Soil Loss in tons/acre/year 
R   =   Rainfall Energy Factor (Erosivity Index) 
K   =   Soil Erodibility Factor 
LS   =   Topographic Factor 
C   =   Crop Management Factor 
P   =   Support Practice Factor 

 

It should be noted  that  the soil  loss calculated by RUSLE  is  the rate of soil  from  the  landscape profile 
analyzed (the slope length), not the amount of sediment leaving a field or watershed.  RUSLE cannot be 
used  to  estimate  or  predict  soil  loss  from  individual  storms  or  from  a  particular  year  of  weather 
condition. 

The following provides a description of each factor utilized in the analysis:  

Rainfall Energy Factor (R):  The “R” factor represents the erosivity of the climate at a particular location.  
An average annual value of “R” is determined from historical weather records and is the average annual 
sum of the erosivity of individual storm. “R” factors may be chosen using the following figure (Reference 
1): 
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Figure 1.  Average Annual “R” Factor 

An “R” factor of 300 was chosen based on the location of the Scepter Inc. Disposal Facility  in Waverly, 
Tennessee. 
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Soil Erodibility Factor (K):  The “K” factor represents the measurement of soil erodibility as affected by 
intrinsic soil properties.  Typical “K” factors may be chosen from the following table (Reference 2). 

 
Table 1.  Soil Erodibility Factor “K”(a) 

  POM(%) 

Textural Class  <0.5  2  4 
Sand  0.05  0.03  0.02 
Fine sand  0.16  0.14  0.10 
Very fine sand  0.42  0.36  0.28 
Loamy sand  0.12  0.10  0.08 
Loamy fine sand  0.24  0.20  0.16 
Loamy very fine sand  0.44  0.38  0.30 
Sandy loam  0.27  0.24  0.19 
Fine sandy loam  0.35  0.30  0.24 
Very fine sandy loam  0.47  0.41  0.33 
Loam  0.38  0.34  0.29 
Silt loam  0.48  0.42  0.33 
Silt  0.60  0.52  0.42 
Sandy clay loam  0.27  0.25  0.21 
Clay loam  0.28  0.25  0.21 
Silty clay loam  0.37  0.32  0.26 
Sandy clay  0.14  0.13  0.12 
Silty clay  0.25  0.23  0.19 
Clay    0.13‐0.2   

 (a) The values shown are estimated averages of broad ranges of specific soil values. When a 
texture is near the border line of two texture classes, use the average of the two Kfact values. In 
addition, the values shown are commensurate with the English units used in the cited reference 
(and as used in the source‐term module input files). 
 

A “K” factor of 0.23 was used, which represents average Silty clay, and should conservatively model 
typical soil used at this site. 

 

 

 

 

 

 



AECOM         

Job  Scepter: East Phase Landfill  Project No.  60398526  Sheet  4  of  6 

Description  Storm Water Terrace Spacing Computed by  NSP  Date  01/3/2017 

 
Soil Erosion Calculation  
(Rev 2) 

Checked by  MSM  Date  01/05/2017 

 
Topographic Factor (LS):   The Topographic Factor “LS”  is a measure of sediment production, measured 
as a function of the Slope Length Factor “L” and the Slope Steepness Factor “S”.  The topographic factor 
is calculated as follows (Reference 3, Equations 4‐1, 4‐2, 4‐3, and 4‐5): 

 

	ܵܮ ൌ 	ܮ	 ∗ 	ܵ 

 

Slope Length Factor (L):  Represents the effect of slope length on erosion and is calculated as follows: 

 

ሻܮሺ	ݎ݋ݐܿܽܨ	݄ݐ݃݊݁ܮ	݁݌݋݈ܵ 	ൌ 	 ሺ72.6/ߣሻ	௠  

Where: 

θ = slope angle (in radians) 
λ: the horizontal projection in feet (not distance parallel to the soil surface) 

Ratio of Rill/Interrill Erosion (β) = (sin θ/0.0896)/[3.0* (sin θ)0.8 +0.56] 

Slope Length Exponent (m) = β / (1+β) 

   

Slope Steepness Factor (S):  Represents the effect of slope steepness on erosion and is calculated 
as follows: 

 

ሺܵሻ	ݎ݋ݐܿܽܨ	ݏݏ݁݊݌݁݁ݐܵ	݁݌݋݈ܵ 	ൌ 	10.8	 ∗ 	ߠ	݊݅ݏ	 ൅ 	0.03    s < 9% 

         									ൌ 	16.8	 ∗ –	ߠ	݊݅ݏ	 	0.50    s ≥ 9% 

s = slope steepness (%) 

 

For  ease  of  calculation,  the  attached  RUSLE  Calculation  Sheet  was  developed  to  compute  the 
Topographic Factor  “LS” based on  input values.   This  represents a 3:1  (Horizontal:Vertical)  slope  for 
final  cover  grades,  with  storm  water  benches  spaced  approximately  every  30  vertical  feet,  90 
horizontal  feet. A 30V:90H  spacing was used as a maximum  for  calculation purposes. More  typical 
space is 25V:75H.  The calculation results in an “LS” factor of 5.55. 
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Crop Management Factor (C):   The Crop Management “C” factor represents the effect of the  land use, 
like plants, soil cover, soil biomass, and soil disturbing activities on soil erosion.  Its value is an average 
soil loss ratio weighted according to the distribution of “R” during the year, and is influenced by canopy, 
ground cover, soil surface  roughness, and prior  land use. The “C”  factor can be determined using  the 
following table: 

 

Figure 2.  “C” for permanent pasture, range and idle land (Taken from Reference 4, Table 10) 

 

A  Crop Management  “C”  factor  of  0.013 was  chosen  assuming  80  percent  ground  cover with  no 
appreciable canopy. 
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Support Practice Factor (P):  The “P” factor represents the impact of supports on erosion rates and is the 
ratio of soil  loss from an area with supporting practices  in place to that from an  identical area without 
any supporting practices.    It  typically affects erosion by  redirecting  runoff around  the slope  to  reduce 
runoff erosivity or by slowing down the runoff to cause deposition. “P” values range between 0 and 1.0.  
A Support Practice “P” value of 1.0 was chosen to provide a conservative estimate of erosion from the 
site. 

III. CONCLUSIONS 

As shown in the attached RUSLE Calculation sheet, the proposed landfill will result in a predicted soil loss 
of 4.98  tons per acre per year.   Therefore,  the proposed maximum 33% slope and maximum 90‐foot 
slope length provides an erosion rate less than the acceptable allowable soil loss of 5 tons per acre per 
year.   

IV. REFERENCES 

 
1. Revised Universal Soil Loss Equation Version 2 (RUSLE2) Draft User’s Reference Guide, United 

States Department of Agriculture. 

2. Stewart, B. A.,et al. Control of Water Pollution  from Cropland: Vol. 1, A Manual  for Guideline 
Development;  Vol.  2,  An  Overview.  ARS‐H‐5‐1  and  ARS‐H‐5‐2  United  States  Department  of 
Agriculture. 

3. Predicting Soil Erosion by Water: A Guide  to Conservative Planning With  the Revised Universal 
Soil  Loss  Equation  (RUSLE),  Agricultural  Handbook  No.  703,  United  States  Department  of 
Agriculture. 

4. Predicting  Rainfall  Erosion  Losses,  Agricultural  Handbook  537,  United  States  Department  of 
Agriculture. 

 



 

ATTACHMENT A 

Revised Universal Soil Loss Calculation Sheet 



Revised Universal Soil Loss Equation (RUSLE) Calculation
Scepter East Phase Landfill

E = R * K * LS * C * P

Rainfall Energy Factor R =  300 (Waverly, Tennessee)

Soil Erodibility Factor  K =  0.230 (Silty Clay)

Horizontal Slope Length  λ =  90 ft

Slope Run H = 3 ft

Slope Rise  V = 1 ft

Slope %  s = 33.333 %

Slope Angle θ = 0.322 radians

θ = 18.444 degree

Ratio of Rill/Interrilll Erosion  β =

β = 2.012

Slope Length Exponent m =

m = 0.668

Slope Length Factor  L =

L = 1.154

Slope Steepness Factor S =

S = 4.813

Topographic Factor  LS = L * S 

 LS = 5.555

Crop Management Factor C =  0.013

Support Practice Factor P =  1

Computed Soil Loss E = 

Computed Soil Loss E =  4.98 Tons / Acre / Year

R * K * LS * C * P

(sin θ/0.0896)/[3.0(sin θ)^0.8 + 0.56]

(λ/72.6)^m 

β/(1 + β) 

16.8 sin θ ‐ 0.50         (s > 9%)

10.8 sin θ + 0.03        (s < 9%)
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s:\2016\scepter\028 waverly\02 landfill\design\calculations\storm water\13. riprap apron\riprap apron design_5-19-17.docx

I. PURPOSE

The purpose of this analysis is to design the proposed riprap aprons for the Scepter Class II Disposal
Facility in Waverly, TN consistent with state regulations.

II. SITE AND PROJECT DESCRIPTION

The riprap apron design was performed as part of the Part II Solid Waste Permit Application.  The
proposed site will be permitted as a new Class II solid waste landfill through the Tennessee Department
of Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for a
depiction of the riprap apron locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the
channels design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the channels:

Rule 0400-11-01-.04(2)(i)1.

The operator must design, construct, operate, and maintain a run-on control system capable of preventing flow
onto the active portion of the facility for all flow up to and including peak discharge from a 24-hour, 25-year storm.

The landfill perimeter follows the sites existing high point ridge line, therefore run-on flows are absent.

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The results of the analysis presented herein show that the riprap aprons are designed to collect and
control at least the peak flow resulting from a 25-year/24-hour storm.

Rule 0400-11-01-.04(2)(i)6.

The operator must take other erosion control measure (e.g., temporary mulching or seeding, silt barriers) as
necessary to control erosion of the site.

Proper rip rap stone size and apron dimensions will be selected based on anticipated site characteristics
(maximum discharge, culvert diameter, and tailwater depth) such that the designed rip rap aprons will
reduce erosion all culvert discharge points.
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IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the channels were initially assumed
and then confirmed through multiple iterations.

The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations. The HydroCAD model was
used to generate peak flow rates for the upstream watershed features. The Federal Highway
Administration’s Hydraulic Engineering Circular No. 14, Third Edition (HEC-14) was used to conduct
hydraulic design calculations of energy dissipators for culverts in this analysis with inputs based on
maximum discharge, culvert diameter, tailwater depth, and other design assumptions.

The conducted riprap apron design was analyzed once using the maximum culvert discharge anticipated
onsite for the 24-hour, 25-year storm event. All other variables remain constant between all culvert
discharge points. Therefore, the critical discharge point was analyzed and applied to all locations.

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· See F1.B for culvert maximum discharges and culvert sizing.

· Tennessee Department of Transportation Riprap Sizes were used

· Tailwater was assumed to be 40% of the pipe diameter

VI. SUMMARY OF RESULTS

The proposed riprap aprons properly dissipate energy from flows generated by the 24-hour, 25-year
with the follow minimum requirements (see Attachment A for detailed calculations):

Apron Length = 12.5 feet

Apron Depth = 1.8 feet

Apron Width (at apron end) = 15.8 feet

Apron Width (at apron beginning) = 7.5 feet

Rip Rap Size = 8.4 inch (equivalent TDOT A-1 Riprap)
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VII. CONCLUSIONS
The proposed riprap aprons properly dissipate energy from the flows generated by the 24-hour, 25-year
storm as stipulated by TDEC regulations. Calculations for proper conveyance of upstream and
downstream flows were not presented in this analysis and will be performed separately. Refer to
accompanying calculations for upstream and downstream conveyance design features (storm water
terraces and letdowns, open channels, culverts, and sediment basins) conveyance features.

VIII. ATTACHMENTS
Figures:
Exhibit 1: Drainage Map

Attachments:
Attachment A: Riprap Apron Design Calculations

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.

2. U.S. Department of Transportation Federal Highway Administration, “Hydraulic Engineering
Circular No. 14, Third Edition”, Hydraulic Design of Energy Dissipaters for Culverts and Channels,
July 2006.
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I. PURPOSE

The purpose of this analysis is to design the proposed exterior daylight channels for the Scepter Class II
Disposal Facility in Waverly, TN consistent with state regulations. These channels are created when
daylighting the proposed landfill grades onto existing valleys grades.

II. SITE AND PROJECT DESCRIPTION

The channel design was performed as part of the Part II Solid Waste Permit Application.  The proposed
site will be permitted as a new Class II solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.  Refer to Exhibit 1 for  a
depiction of the channel locations in relation to the landfill.

The following sections summarize the design criteria, procedure, assumptions, and results of the
channels design.

III. REGULATORY REQUIREMENTS / DESIGN CRITERIA
The below parts of the TDEC regulations specify requirements for the design of the channels:

Rule 0400-11-01-.04(2)(i)1.

The operator must design, construct, operate, and maintain a run-on control system capable of preventing flow
onto the active portion of the facility for all flow up to and including peak discharge from a 24-hour, 25-year storm.

Rule 0400-11-01-.04(2)(i)2.

The operator must design, construct, operate, and maintain a run-off management system to collect and control
at least the peak flow resulting from a 24-hour, 25 year storm.

The landfill perimeter follows the sites existing high point ridge line, therefore run-on flows are absent.
However, daylighting proposed grades reestablish existing valley floors. These reestablished valleys are
designed in accordance with the TDEC Solid Waste requirements and properly collect and control at
least the peak flow resulting from a 25-year/24-hour storm.

Run-off management is cover under accompanying calculations; reference Appendix F.

Rule 0400-11-01-.04(2)(i)6.

The operator must take other erosion control measure (e.g., temporary mulching or seeding, silt barriers) as
necessary to control erosion of the site.
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Proper channel lining will be selected based on anticipated velocities such that erosion within the
channels will be significantly reduced.

IV. PROCEDURE

Design of the landfill site stormwater features was an iterative process beginning with basic assumptions
and a proposed grading plan for the site.  The hydraulic features of the channels were initially assumed
and then confirmed through multiple iterations.

The AutoCAD Civil 3D software package was used to generate the proposed site grading plan and
subsequently to determine drainage areas, volumes, and other site geometry.  HydroCAD (version
10.00) modeling software was used to conduct the hydrologic calculations. The Federal Highway
Administration’s Hydraulic Toolbox was used to conduct hydraulic calculations for this analysis with
inputs based on the site geometry, rainfall data, and other design assumptions.

The HydroCAD model was used to generate peak flow rates for the upstream watershed features.
Hydraulic Toolbox was used to generate channel velocities and water surface elevations at the most
critical points along the channel alignment.  The proposed channels will pass flows equal to and lesser
than those generated by the 24-hour, 25-year storm.

V. NOTES/ASSUMPTIONS
The following is a list of key notes and assumptions made in completing this analysis.

· A design parameter minimum six (6) inches of freeboard was used.

· Within the HydroCAD program, the runoff was calculated using the SCS TR-20 method.

· Runoff curve numbers (CN) used in the analysis were as follows:

o 78 for landfill vegetated final cap cover and offsite areas,

o 50 for undisturbed forested areas,

o 77 for exposed and disturbed soil (daily cover); however exposed and disturbed soil was
ignored to be conservative and 78 was used within landfill construction footprint.

· The time of concentration was calculated using the Curve Number Method in HydroCAD which
takes inputs for each drainage area of the longest hydraulic flow path and average land slope.

VI. SUMMARY OF RESULTS

The channels properly control and convey the water volume generated by the 24-hour, 25-year storm
such that the peak water surface elevation stays safely below the impounding sideslopes with greater
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than six (6) inches of freeboard.  A rip rap channel lining was chosen for all channels as the shear stress is
under 3.6 lb/ft2. TRM maybe used as a replacement to riprap where deemed necessary at the time of
final design. See Table 1 for further detail.

Table 1 – Exterior Daylight Channel Summary

Channel ID
Peak

Discharge
(cfs)

Slope (ft/ft) Flow Depth
(feet) Velocity (fps) Shear Stress

(lb/ft2)

South 3.60 0.26 0.383 7.006 2.987
East 25.26 0.12 0.978 8.811 3.472

VII. CONCLUSIONS
The proposed grading of the landfill site in combination with the design of the channels as presented
above is sufficient to safely control and convey the 24-hour, 25-year storm as stipulated by TDEC
regulations.

VIII. ATTACHMENTS
Figures:
Exhibit 1: Drainage Map

Attachments:
Attachment A: NOAA Precipitation Frequency Data
Attachment B: Perimeter Ditch: Drainage Map, HydroCAD report, and Hydraulic Toolbox Report
Attachment C: Permissible Shear Stress

IX. REFERENCES

1. TDEC, “Rules of Tennessee Department of Environment and Conservation, Chapter 0400-11-01 –
Solid Waste Processing and Disposal”, Solid Waste Management, September 2012.
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Elevation: 523 ft* 
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.405
(0.368-0.450)

0.476
(0.434-0.529)

0.547
(0.497-0.607)

0.604
(0.548-0.668)

0.675
(0.610-0.746)

0.728
(0.655-0.803)

0.781
(0.699-0.862)

0.832
(0.742-0.917)

0.898
(0.794-0.990)

0.948
(0.833-1.05)

10-min 0.647
(0.588-0.718)

0.761
(0.694-0.845)

0.876
(0.796-0.972)

0.965
(0.877-1.07)

1.08
(0.972-1.19)

1.16
(1.04-1.28)

1.24
(1.11-1.37)

1.32
(1.18-1.45)

1.42
(1.26-1.57)

1.49
(1.31-1.65)

15-min 0.809
(0.735-0.898)

0.957
(0.872-1.06)

1.11
(1.01-1.23)

1.22
(1.11-1.35)

1.36
(1.23-1.51)

1.47
(1.32-1.62)

1.57
(1.40-1.73)

1.66
(1.48-1.83)

1.79
(1.58-1.97)

1.88
(1.65-2.07)

30-min 1.11
(1.01-1.23)

1.32
(1.20-1.47)

1.58
(1.43-1.75)

1.77
(1.61-1.96)

2.02
(1.83-2.23)

2.21
(1.99-2.44)

2.40
(2.15-2.65)

2.59
(2.31-2.86)

2.84
(2.51-3.14)

3.04
(2.67-3.35)

60-min 1.38
(1.26-1.54)

1.66
(1.51-1.84)

2.02
(1.83-2.24)

2.30
(2.09-2.55)

2.69
(2.43-2.97)

2.99
(2.70-3.31)

3.31
(2.96-3.65)

3.63
(3.24-4.01)

4.08
(3.61-4.50)

4.43
(3.89-4.89)

2-hr 1.59
(1.44-1.76)

1.91
(1.73-2.11)

2.33
(2.11-2.59)

2.69
(2.43-2.98)

3.19
(2.87-3.52)

3.60
(3.22-3.98)

4.03
(3.59-4.46)

4.49
(3.98-4.97)

5.14
(4.52-5.70)

5.67
(4.95-6.29)

3-hr 1.72
(1.57-1.89)

2.05
(1.87-2.27)

2.52
(2.29-2.78)

2.91
(2.64-3.20)

3.45
(3.12-3.80)

3.91
(3.52-4.30)

4.39
(3.93-4.82)

4.90
(4.37-5.39)

5.64
(4.98-6.20)

6.24
(5.47-6.88)

6-hr 2.13
(1.93-2.35)

2.53
(2.30-2.80)

3.10
(2.82-3.43)

3.58
(3.25-3.95)

4.26
(3.84-4.69)

4.83
(4.33-5.32)

5.43
(4.85-5.98)

6.09
(5.40-6.70)

7.01
(6.17-7.72)

7.78
(6.78-8.58)

12-hr 2.58
(2.36-2.85)

3.08
(2.82-3.40)

3.79
(3.46-4.18)

4.38
(3.99-4.82)

5.22
(4.73-5.74)

5.92
(5.34-6.51)

6.66
(5.97-7.32)

7.46
(6.65-8.20)

8.60
(7.59-9.45)

9.54
(8.36-10.5)

24-hr 3.14
(2.88-3.44)

3.76
(3.45-4.12)

4.64
(4.25-5.09)

5.37
(4.91-5.87)

6.39
(5.82-6.98)

7.23
(6.56-7.89)

8.12
(7.32-8.85)

9.06
(8.12-9.88)

10.4
(9.22-11.3)

11.5
(10.1-12.5)

2-day 3.75
(3.46-4.10)

4.49
(4.14-4.92)

5.53
(5.09-6.04)

6.36
(5.84-6.93)

7.52
(6.89-8.19)

8.46
(7.72-9.21)

9.45
(8.56-10.3)

10.5
(9.44-11.4)

11.9
(10.6-13.0)

13.1
(11.6-14.3)

3-day 4.01
(3.69-4.37)

4.80
(4.42-5.24)

5.89
(5.43-6.43)

6.77
(6.22-7.37)

7.98
(7.31-8.69)

8.96
(8.17-9.75)

9.97
(9.04-10.9)

11.0
(9.94-12.0)

12.5
(11.2-13.7)

13.6
(12.1-15.0)

4-day 4.26
(3.93-4.64)

5.11
(4.71-5.56)

6.26
(5.77-6.82)

7.18
(6.61-7.81)

8.45
(7.74-9.18)

9.46
(8.62-10.3)

10.5
(9.52-11.4)

11.6
(10.4-12.6)

13.0
(11.7-14.3)

14.2
(12.6-15.6)

7-day 5.06
(4.65-5.50)

6.06
(5.58-6.59)

7.43
(6.83-8.07)

8.52
(7.81-9.25)

10.0
(9.17-10.9)

11.3
(10.2-12.2)

12.6
(11.4-13.6)

13.9
(12.5-15.1)

15.7
(14.0-17.2)

17.2
(15.2-18.8)

10-day 5.77
(5.34-6.22)

6.90
(6.38-7.45)

8.39
(7.75-9.05)

9.55
(8.81-10.3)

11.1
(10.2-12.0)

12.4
(11.3-13.3)

13.6
(12.4-14.7)

14.9
(13.5-16.1)

16.6
(15.0-18.0)

18.0
(16.1-19.6)

20-day 7.88
(7.35-8.46)

9.36
(8.74-10.1)

11.1
(10.4-12.0)

12.5
(11.6-13.4)

14.2
(13.2-15.3)

15.5
(14.4-16.7)

16.8
(15.5-18.1)

18.1
(16.6-19.5)

19.7
(18.0-21.2)

20.9
(19.0-22.6)

30-day 9.63
(9.00-10.3)

11.4
(10.7-12.2)

13.4
(12.6-14.4)

15.0
(14.0-16.0)

16.9
(15.8-18.1)

18.4
(17.1-19.7)

19.9
(18.5-21.3)

21.4
(19.7-22.9)

23.2
(21.3-24.9)

24.6
(22.5-26.4)

45-day 12.1
(11.3-12.9)

14.3
(13.4-15.2)

16.7
(15.7-17.8)

18.5
(17.3-19.7)

20.8
(19.4-22.1)

22.4
(20.9-23.9)

24.1
(22.4-25.6)

25.6
(23.7-27.3)

27.6
(25.4-29.5)

29.0
(26.6-31.0)

60-day 14.5
(13.6-15.4)

17.1
(16.0-18.2)

19.8
(18.6-21.1)

21.8
(20.4-23.2)

24.3
(22.7-25.9)

26.1
(24.4-27.9)

27.8
(25.9-29.7)

29.5
(27.4-31.5)

31.4
(29.1-33.6)

32.9
(30.3-35.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a 
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not 
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Routing Diagram for Exterior Daylight Channels
Prepared by AECOM,  Printed 5/23/2017

HydroCAD® 10.00  s/n 01089  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type II 24-hr  25yr-24hr Rainfall=6.39"Exterior Daylight Channels
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Summary for Subcatchment 21S: South

Runoff = 3.60 cfs @ 11.97 hrs,  Volume= 0.161 af,  Depth= 2.55"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 0.380 78
* 0.380 50 wooded min cn

0.760 64 Weighted Average
0.760 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry,

Subcatchment 21S: South

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)

4

3

2

1

0

Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=0.760 ac
Runoff Volume=0.161 af

Runoff Depth=2.55"
Tc=5.0 min

CN=64

3.60 cfs
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Hydrograph for Subcatchment 21S: South

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.00
8.00 0.77 0.00 0.00
9.00 0.94 0.00 0.00

10.00 1.16 0.00 0.00
11.00 1.50 0.02 0.04
12.00 4.24 1.11 3.16
13.00 4.93 1.54 0.20
14.00 5.24 1.74 0.13
15.00 5.45 1.88 0.10
16.00 5.62 2.00 0.08
17.00 5.76 2.10 0.07
18.00 5.89 2.18 0.06
19.00 5.99 2.26 0.05
20.00 6.08 2.32 0.05
21.00 6.16 2.38 0.04
22.00 6.24 2.44 0.04
23.00 6.32 2.49 0.04
24.00 6.39 2.55 0.04
25.00 6.39 2.55 0.00
26.00 6.39 2.55 0.00
27.00 6.39 2.55 0.00
28.00 6.39 2.55 0.00
29.00 6.39 2.55 0.00
30.00 6.39 2.55 0.00
31.00 6.39 2.55 0.00
32.00 6.39 2.55 0.00
33.00 6.39 2.55 0.00
34.00 6.39 2.55 0.00
35.00 6.39 2.55 0.00
36.00 6.39 2.55 0.00
37.00 6.39 2.55 0.00
38.00 6.39 2.55 0.00
39.00 6.39 2.55 0.00
40.00 6.39 2.55 0.00
41.00 6.39 2.55 0.00
42.00 6.39 2.55 0.00
43.00 6.39 2.55 0.00
44.00 6.39 2.55 0.00
45.00 6.39 2.55 0.00
46.00 6.39 2.55 0.00
47.00 6.39 2.55 0.00
48.00 6.39 2.55 0.00
49.00 6.39 2.55 0.00
50.00 6.39 2.55 0.00
51.00 6.39 2.55 0.00
52.00 6.39 2.55 0.00
53.00 6.39 2.55 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 2.55 0.00
55.00 6.39 2.55 0.00
56.00 6.39 2.55 0.00
57.00 6.39 2.55 0.00
58.00 6.39 2.55 0.00
59.00 6.39 2.55 0.00
60.00 6.39 2.55 0.00
61.00 6.39 2.55 0.00
62.00 6.39 2.55 0.00
63.00 6.39 2.55 0.00
64.00 6.39 2.55 0.00
65.00 6.39 2.55 0.00
66.00 6.39 2.55 0.00
67.00 6.39 2.55 0.00
68.00 6.39 2.55 0.00
69.00 6.39 2.55 0.00
70.00 6.39 2.55 0.00
71.00 6.39 2.55 0.00
72.00 6.39 2.55 0.00
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Summary for Subcatchment 22S: East

Runoff = 25.26 cfs @ 11.99 hrs,  Volume= 1.245 af,  Depth= 2.55"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type II 24-hr  25yr-24hr Rainfall=6.39"

Area (ac) CN Description
* 3.000 78
* 2.870 50 wooded min cn

5.870 64 Weighted Average
5.870 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.6 42 0.0200 0.11 Sheet Flow, Sheet Flow
Grass: Dense   n= 0.240   P2= 3.76"

0.5 91 0.0350 2.81 Shallow Concentrated Flow, Shallow Concentrated Flow
Grassed Waterway   Kv= 15.0 fps

0.4 993 0.1212 40.14 164.55 Channel Flow, Daylight Channel
Area= 4.1 sf  Perim= 6.0'  r= 0.68'
n= 0.010  PVC, smooth interior

7.5 1,126 Total

Subcatchment 22S: East

Runoff

Hydrograph

Time  (hours)
7065605550454035302520151050

Fl
ow

(c
fs

)

25

20

15

10

5

0

Type II 24-hr
25yr-24hr Rainfall=6.39"

Runoff Area=5.870 ac
Runoff Volume=1.245 af

Runoff Depth=2.55"
Flow Length=1,126'

Tc=7.5 min
CN=64

25.26 cfs
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Hydrograph for Subcatchment 22S: East

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

0.00 0.00 0.00 0.00
1.00 0.07 0.00 0.00
2.00 0.14 0.00 0.00
3.00 0.22 0.00 0.00
4.00 0.31 0.00 0.00
5.00 0.40 0.00 0.00
6.00 0.51 0.00 0.00
7.00 0.63 0.00 0.00
8.00 0.77 0.00 0.00
9.00 0.94 0.00 0.00

10.00 1.16 0.00 0.00
11.00 1.50 0.02 0.27
12.00 4.24 1.11 25.19
13.00 4.93 1.54 1.62
14.00 5.24 1.74 0.99
15.00 5.45 1.88 0.79
16.00 5.62 2.00 0.62
17.00 5.76 2.10 0.55
18.00 5.89 2.18 0.49
19.00 5.99 2.26 0.43
20.00 6.08 2.32 0.36
21.00 6.16 2.38 0.34
22.00 6.24 2.44 0.33
23.00 6.32 2.49 0.32
24.00 6.39 2.55 0.31
25.00 6.39 2.55 0.00
26.00 6.39 2.55 0.00
27.00 6.39 2.55 0.00
28.00 6.39 2.55 0.00
29.00 6.39 2.55 0.00
30.00 6.39 2.55 0.00
31.00 6.39 2.55 0.00
32.00 6.39 2.55 0.00
33.00 6.39 2.55 0.00
34.00 6.39 2.55 0.00
35.00 6.39 2.55 0.00
36.00 6.39 2.55 0.00
37.00 6.39 2.55 0.00
38.00 6.39 2.55 0.00
39.00 6.39 2.55 0.00
40.00 6.39 2.55 0.00
41.00 6.39 2.55 0.00
42.00 6.39 2.55 0.00
43.00 6.39 2.55 0.00
44.00 6.39 2.55 0.00
45.00 6.39 2.55 0.00
46.00 6.39 2.55 0.00
47.00 6.39 2.55 0.00
48.00 6.39 2.55 0.00
49.00 6.39 2.55 0.00
50.00 6.39 2.55 0.00
51.00 6.39 2.55 0.00
52.00 6.39 2.55 0.00
53.00 6.39 2.55 0.00

Time
(hours)

Precip.
(inches)

Excess
(inches)

Runoff
(cfs)

54.00 6.39 2.55 0.00
55.00 6.39 2.55 0.00
56.00 6.39 2.55 0.00
57.00 6.39 2.55 0.00
58.00 6.39 2.55 0.00
59.00 6.39 2.55 0.00
60.00 6.39 2.55 0.00
61.00 6.39 2.55 0.00
62.00 6.39 2.55 0.00
63.00 6.39 2.55 0.00
64.00 6.39 2.55 0.00
65.00 6.39 2.55 0.00
66.00 6.39 2.55 0.00
67.00 6.39 2.55 0.00
68.00 6.39 2.55 0.00
69.00 6.39 2.55 0.00
70.00 6.39 2.55 0.00
71.00 6.39 2.55 0.00
72.00 6.39 2.55 0.00



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Tuesday, May 16, 2017

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: South 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Longitudinal Slope: 0.2600 ft/ft 

Manning's n:  0.0350 

Flow: 3.6000 cfs 

Result Parameters 

Depth: 0.3832 ft 

Area of Flow: 0.5139 ft^2 

Wetted Perimeter: 2.7916 ft 

Hydraulic Radius: 0.1841 ft 

Average Velocity: 7.0056 ft/s 

Top Width: 2.6822 ft 

Froude Number:  2.8206 

Critical Depth: 0.5825 ft 

Critical Velocity: 3.0311 ft/s 

Critical Slope: 0.0278 ft/ft 

Critical Top Width: 4.16 ft 

Calculated Max Shear Stress: 6.2166 lb/ft^2 

Calculated Avg Shear Stress: 2.9865 lb/ft^2 



Channel Analysis: East 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Longitudinal Slope: 0.1200 ft/ft 

Manning's n:  0.0350 

Flow: 25.2600 cfs 

Result Parameters 

Depth: 0.9776 ft 

Area of Flow: 2.8668 ft^2 

Wetted Perimeter: 6.1826 ft 

Hydraulic Radius: 0.4637 ft 

Average Velocity: 8.8111 ft/s 

Top Width: 5.8653 ft 

Froude Number:  2.2210 

Critical Depth: 1.3451 ft 

Critical Velocity: 4.6536 ft/s 

Critical Slope: 0.0219 ft/ft 

Critical Top Width: 8.07 ft 

Calculated Max Shear Stress: 7.3199 lb/ft^2 

Calculated Avg Shear Stress: 3.4721 lb/ft^2 



ATTACHMENT C
Permissible Shear Stress





Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.2
Leachate Management Calculations

                                                F.2A Alternative Liner System Demonstration

                         F.2B HELP Model and Leachate Generation Estimate Rev 1

F.2C Liner System Geocomposite Design  Rev 1

F.2D Pipe Loading Calculations

F.2E Protective Cover Graded Filter Evaluation

F.2.F Leachate Secondary Containment



Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.2A
Alternative Liner System Demonstration
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I. Objective

The purpose of this analysis is to evaluate the hydraulic equivalency between two potential liner
systems for the future expansion of the Scepter Landfill.  The two potential liner systems (Liner
System 1 and Liner System 2) both consist of drainage layer (geocomposite or granular)
overlying a geosynthetic membrane liner (geomembrane).  However, in Liner System 1, the
geomembrane is underlain by a compacted clay liner (CCL), and in Liner System 2, the
geomembrane is underlain by a geosynthetic clay liner (GCL).  Liner System 2 would also
include a 2 ft recompacted soil layer on which the GCL would be placed.  However, inclusion of
this additional barrier soil in the demonstration of hydraulic equivalency is not necessary as is
presented in the conclusion section of the analysis.

The following sections summarize the pertinent solid waste regulations, the methodology, input
parameters/assumptions, results, and conclusions of the liner equivalency analysis. For further
detail on the specific calculations performed, refer to the corresponding input/output data
provided in the attachments.

II. Class I and Class II Liner/Geologic Buffer System Requirements

This section identifies the requirements specific to liners and geologic buffers as found in Rule
0400-11-01-.04.

(4) Leachate Migration Control Standards
(a) Class I Disposal Facilities

1. Such facilities must have a liner designed to function for the estimated life of
the site and the postclosure care period. It shall be designed, constructed, and
installed to ensure that the concentration values listed in Appendix III of this rule
will not be exceeded in the uppermost aquifer at the relevant point of compliance.
The liner must be:

(i) A composite liner consisting of two components; the upper
component must consist of a minimum 30-mil flexible membrane
liner (FML), and the lower component must consist of at least a
two-foot layer of compacted soil with a hydraulic conductivity of
no more than 1.0 x l0-7 cm/sec. FML components consisting of
high density polyethylene (HDPE) shall be at least 60-mil thick.
The FML component must be installed in direct and uniform
contact with the compacted soil component;

2. Underlying the liners shall be a geologic buffer which shall have:
(i) A maximum hydraulic conductivity of 1.0 x 10-5 cm/s and measures at
least ten (10) feet from the bottom of the liner to the seasonal high water
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table of the uppermost unconfined aquifer or the top of the formation of a
confined aquifer or
(ii) Have a maximum hydraulic conductivity of 1.0 x 10-6 cm/s and
measures not less than five(5) feet from the bottom of the liner to the
seasonal high water table of the uppermost unconfined aquifer or the top
of the formation of a confined aquifer or

4. Alternate liner designs may be used provided that:
(i) It is demonstrated to the satisfaction of the Commissioner that the liner
design provides equivalent or superior performance to the minimum
performance standard for a Class I facility as described in this
subparagraph, and

(ii) When approving a design the Commissioner, shall consider at least the
following factors:

(I) The hydrogeologic characteristics of the facility and
surrounding land;
(II) The climatic factors of the area; and
(III) The volume and physical and chemical characteristics of the
leachate.

III. Methodology

For Subtitle D landfills the regulatory allowable head acting on the liner system is 30 cm.  In
predicting leakage flow rate, this is a conservative case, compared to performing a HELP model
analysis.

For estimation of leakage rate, the composite liner system consists of a geomembrane and a low-
permeability soil component (CCL or GCL). With a composite barrier, the flow through a
penetration in the geomembrane is reduced by the underlying clay component.  Giroud (1997)
developed semi-empirical equations to estimate the leakage rate through a composite liner
system. Note that due to the semi-empirical nature of the equation, calculations must be
performed with SI units as presented below.  The leakage rate through a composite liner system
with a circular defect is estimated as follows:

ܳ = ௤௢ܥ ൤1 + 0.1 ቀ௛
௧ೞ
ቁ
଴.ଽହ

൨ ܽ଴.ଵℎ଴.ଽ݇௦଴.଻ସ, where,

Q = Leakage rate through composite system (m3/sec)
Cqo = Contact quality factor (dimensionless)
H = Head of liquid above the top of the geomembrane (m)
ts = Thickness of low-permeability soil component (m)
A = Area of defect in geomembrane (m2)
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ks = Hydraulic conductivity of low-permeability soil component (m/s)

The leakage rate was calculated through the two composite liner systems under the following
two scenarios:

· Scenario 1:  A typical scenario, with the depth of water above the geomembrane equal to
the thickness of an overlying geocomposite drainage material.

· Scenario 2:  A scenario assuming the depth of water above the geomembrane is equal to
the thickness of a 1 foot granular drainage layer, which again is a conservative case.

The leakage rate of Liner System 1, utilizing a CCL as the low-permeability soil component, will
be compared to the leakage rate of Liner System 2, utilizing a GCL as the low-permeability soil
component.  Comparison of leakage rates will demonstrate whether Liner System 2 can be
considered at least hydraulically equivalent to Liner System 1.

IV. Input Parameters/Assumptions

The input parameters provided in the table below were used for the analysis.  A brief discussion
of the input parameters is provided.

For Liner System 1 and Liner System 2, the height of the geocomposite (used as the head of
liquid in Scenario 1), the contact conditions, and the area of the defect ( 2 cm2 ) were assumed
equal.  Note that the only difference between Scenario 1 and 2 is the head of liquid above the
geomembrane liner.  The geocomposite drainage layer is assumed to have a thickness of
0.0305m (0.1ft), typical for a geocomposite. The thickness of the drainage layer is only used to
represent the head of the liquid in Scenario 1.  In the Giroud equation presented in Section III,
the contact quality can be described as “good” or “poor.”  Good contact is described as a
geomembrane installed with few wrinkles above an adequately compacted, smooth low-
permeability soil layer.  Additional research has shown that it may be possible to achieve an
“excellent” contact (corresponding to a Cqo=0.05) for a GCL in contact with a geomembrane,

PARAMETER VALUE
Cqo 0.21
a 0.0002 m2

h 0.0305 m (0.1 ft) Scenario 1
0.305 m (1 ft) Scenario 2

ts
0.610 m (2 ft) Liner System 1 - CCL

0.005 m (0.016 ft) Liner System 2 - GCL

ks
1 x 10-9 m/s Liner System 1 - CCL
5 x 10-11m/s Liner System 2 - GCL
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partially due to the inherent flat installation method, and the potential for slurry to exude from a
hydrated GCL (Harper et al., 1993).  For the purposes of this evaluation, “good” contact was
assumed for both liner systems to be conservative, corresponding to a Cqo=0.21.

The thickness of the low-permeability soil, ts, and permeability, ks, are dependent on the liner
system.  For Liner System 1, the low-permeability soil is comprised of 2 ft of CCL, having a
maximum permeability of 1 x 10-9 m/s (=1 x 10 -7 cm/s).  The low-permeability soil in Liner
System 2 is comprised of a GCL.  The specific GCL has not been selected for the proposed
expansion. As a result, minimum values of thickness and permeability found in literature
(Girioud, 1997) were used in the analysis.

V. Results

As stated previously, the leakage rate of Liner System 1, utilizing a CCL as the low-permeability
soil component, will be compared to the leakage rate of Liner System 2, utilizing a GCL as the
low-permeability soil component.

The table below summarizes the results of the analysis.  The calculations are included in
Appendix A.

From the above table, under both Scenarios, the liner system using GCL as the low-permeability
soil component, Liner System 2, yields a lower leakage rate.

VI. Conclusions

The results of the analysis indicate that under conditions represented by Scenario 1, the leakage
rate for Liner System 1 (utilizing 2 ft  of low permeability CCL) is more than 5.9 times the
leakage rate through Liner System 2 (utilizing a GCL).  When the head above the liner is
increased to 1 foot as represented in Scenario 2, the leakage rate through the Liner System 1 is
still approximately 1.6 times the leakage rate expected through Liner System 2.  Based on these
results, the proposed Liner System 2, utilizing GCL is considered to be at least hydraulically
equivalent Liner System 1, with respect to preventing infiltration.  Furthermore, Liner System 2
would also consist of a 2 foot thick underlying recompacted soil layer.  As shown from the
analysis, this recompacted soil layer provides additional protection, but does not factor into the
equivalency demonstration.

Q Liner System 1
(m3/s)

Q Liner System 2
(m3/s)

Q(System 1)/Q (System 2)

Scenario 1 8.52 x 10-10 1.44 x 10-10 5.9
Scenario 2 7.08 x 10-9 4.37 x 10-9 1.6
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The Project Specifications will incorporate GCL liner meeting at least the minimum criterion
stated in the analyses (ts = 5 mm, ks = 5 x 10-11 m/s).

VII. References/Software

The following references and software were utilized for the calculations:

Giroud, J.P. "Equations for Calculating the Rate of Liquid Migration Through Composite Liners
Due to Geomembrane Defects", Geosynthetics International, Vol. 4, Nos. 3-4, pp.335-
348, 1997.

Giroud, J. P., and Bonaparte, R. (1989). "Leakage through liners constructed with geomembrane
liners--parts I and II and technical note," Geotextiles and Geomembranes 8(1), 27-67,
8(2), 71-111, 8(4), 337-340.

Harpur, W.A., R.F. Wilson-Fahmy, and R.M. Koerner. (1993). “Evaluation of the contact
between geosynthetic clay liners and geomembranes in terms of transmissivity.
Proceedings of the 7th Annual GRI Seminar. Drexel University, Philadelphia, PA, United
States. 138.149.

Software – Microsoft Excel (2010)
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This report summarizes the test results for leachate chemical compatibility testing of GSE’s Polymer-
Enhanced (PE) Geosynthetic Clay Liner (GCL) product family, represented in this case by BentoLiner 
AR GCL, when exposed to a site-specific leachate for the East Phase Landfill at Scepter, Inc. 
(Waverly, TN). 
 
GCL is an active barrier system which relies on the swelling capacity of the sodium bentonite to 
decrease flow through the liner.  Sodium bentonite can be affected by various ions which can 
sometimes be present in industrial leachate solutions.  These ions can negatively impact GCL 
performance by increasing the product’s hydraulic conductivity, and consequently alter the hydraulic 
equivalence between the GCL and compacted clay liner (CCL). 
 
The PE BentoLiner GCL product family incorporates polymer enhanced sodium bentonite to improve 
GCL hydraulic performance.  Leachate generated from aluminum processing waste has its own 
distinct chemical characterization.  Because of this, GSE typically recommends that the GCL be 
tested per ASTM D 6766, Scenario 2 to confirm chemical compatibility with site specific leachate.  In 
this case, the test was performed with site specific leachate provided to GSE by Scepter, Inc. 
(Waverly, TN). 
 
The leachate was sent to an independent lab (Virginia Geoenvironmental I Laboratory, University of 
Virginia, Charlottesville, VA) for a general chemical analysis of the cations and anions.  A listing of 
the key constituents of concern is listed in Table 1. 
 
Table 1: Leachate Chemical Summary (mg/l) 
Site 
Leachate Calcium Magnesium Potassium Sodium Chlorides Sulfates pH 
Scepter East 0.1 0.1 54,410 79,320 152,810 3,430 9.4 

 
 
The leachate was tested at an independent laboratory (Wisconsin Geotechnical Laboratory, 
University of Wisconsin, Madison, WI) for chemical compatibility testing by performing hydraulic 
conductivity tests.  All hydraulic conductivity testing was performed in general accordance with 
Scenario 2 in ASTM D6766, Standard Test Method for Evaluation of Hydraulic Properties of 
Geosynthetic Clay Liners Permeated with Potentially Incompatible Liquids. 
 
Wisconsin Geotechnical Laboratory used a flexible wall permeameter to perform the hydraulic 
conductivity testing.  The test used typical ASTM D6766 setup parameters, and the sample was 
hydrated for 48 hours with the site-specific leachate prior to permeation without a hydraulic gradient 
and with the effective stress applied.  Backpressure was not used to simulate the field condition and 
to prevent chemical alterations of the permeant liquid.  After the hydration period, the leachate flowed 
through the GCL.  This test was performed for 181 days.  The test reached steady state flow 
conditions at about 3.6 pore volumes and the specimen reached chemical equilibrium.  ASTM D6766 
termination criteria were satisfied.  Table 2 summarizes the test results. 
 
 



 

 
Table 2: Summary of Hydraulic Conductivity Performance against Site Specific Leachate 

Site Leachate  
Testing Period 

(Days) 
BentoLiner AR GCL 

(cm/sec) 
Total Inflow 
Volume (cc) 

Scepter East 181 3.5 x 10-10 206 
 
In conclusion, the leachate chemical compatibility test was performed for 181 days demonstrating a 
hydraulic conductivity of 3.5 x 10-10 cm/sec upon completion.  As required by project specifications, 
BentoLiner AR GCL decreases in hydraulic conductivity over time and is well below the required 
maximum hydraulic conductivity performance.  These test results demonstrate that BentoLiner AR 
GCL, as manufactured by GSE Environmental, LLC, is chemically compatible with this site-specific 
leachate.  The enclosed data sheet has additional information on the test outcome. 
 
Respectfully, 

 
Steven Mayes, P.E. 
Technical Director & Southeast Region Sales Manager 



Sample ID: AL-AQE-AS-S Test Date : 1/30/17
GCL: Mock with AL-AQE-AS-S Permeant Liquid:

Cell Pressure: 4.0 psi Diameter of Sample, D: 15.2 cm 73 g
Backpressure: 0.0 psi Length of Sample, L: 0.5 cm 91.2 mL

Head Setup Constant: 126.0 cm Area of Sample, A: 182.4 cm2 1.89 Mg/m3

Effective Stress: 4.0 psi Burette Area, a: 1.0 cm2 0.80 Mg/m3

Max. Hydraulic Gradient: 252 - Min. Hydraulic Gradient : 152.0 2.31 -
Post Test Conditions: 0.70 -

5.0 mm
172.2 g
80.3 %
91.1 %
8.9 %

Dt H El. Time K Qin Qout EC pH EC pH Total Qout PVF
(s) (cm) (hour) (cm/s) mL mL mS/cm - mS/cm - - mL Inflow

2/1/17 9:36 0.0 0 126.0 0.0 291.1 9.2 0 0
2/2/17 10:03 8.5 7 88020 117.5 24.4 2.17E-09 0.82 8.50 7.00 7 8.50 0.1335
2/3/17 9:28 11.5 7 84300 114.5 47.9 8.41E-10 0.00 3.00 0.00 7 11.50 0.1806
2/5/17 9:55 15.9 7 174420 110.1 96.3 6.16E-10 0.00 4.40 0.00 7 15.90 0.2498
2/8/17 9:59 20.9 259440 105.1 168.4 4.91E-10 0.00 5.00 0.00 7 20.90 0.3283

2/11/17 14:36 25.6 275820 100.4 245.0 4.55E-10 0.00 4.70 0.00 7 25.60 0.4021
2/13/17 10:23 28.1 157620 97.9 288.8 4.38E-10 0.00 2.50 0.00 7 28.10 0.4414
2/18/17 14:52 34.3 448140 91.7 413.3 4.00E-10 0.00 6.20 0.00 7 34.30 0.5388
2/25/17 16:16 39.5 12 609840 86.5 582.7 2.62E-10 2.31 5.20 12.00 19 39.50 0.6205
2/25/17 16:16 0.0 12 0 126.0 582.7 0.00 0.00 0.00 19 39.50 0.6205
3/1/17 11:11 9.5 15 327300 116.5 673.6 6.56E-10 0.32 9.50 3.00 22 49.00 0.7697
3/4/17 15:49 14.5 19 275880 111.5 750.2 4.36E-10 0.80 5.00 4.00 26 54.00 0.8483
3/13/17 10:09 25.4 30 757200 100.6 960.6 3.72E-10 1.01 10.90 11.00 37 64.90 1.0195
3/24/17 10:26 35.6 40 951420 90.4 1224.8 3.08E-10 0.98 10.20 10.00 47 75.10 1.1797
3/31/17 10:34 41.5 46 605280 84.5 1393.0 3.06E-10 1.02 5.90 6.00 297.1 9.1 290.4 6.6 0.98 53 81.00 1.2724
3/31/17 10:34 0.0 0 0 126.0 1393.0 53 81.00 1.2724
4/4/17 11:01 9.6 7 347220 116.4 1489.4 6.26E-10 0.73 9.60 7.00 60 90.60 1.4232
4/11/17 11:11 19.0 17 605400 107.0 1657.6 3.81E-10 1.06 9.40 10.00 70 100.00 1.5708
4/22/17 9:13 33.2 33 943320 92.8 1919.6 4.14E-10 1.13 14.20 16.00 86 114.20 1.7939
4/28/17 9:58 37.0 37 521100 89.0 2064.4 2.20E-10 1.05 3.80 4.00 297.1 9.1 290.8 8.1 0.98 90 118.00 1.8536
4/28/17 9:58 0.0 0 0 126.0 2064.4 90 118.00 1.8536
5/5/17 13:08 13.7 11 616200 112.3 2235.5 5.12E-10 0.80 13.70 11.00 101 131.70 2.0688
5/12/17 11:49 22.5 21 600060 103.5 2402.2 3.73E-10 1.14 8.80 10.00 111 140.50 2.2070
5/22/17 10:01 33.0 32 857520 93.0 2640.4 3.42E-10 1.05 10.50 11.00 122 151.00 2.3720
5/30/17 14:36 40.2 40 707700 85.8 2837.0 3.12E-10 1.11 7.20 8.00 297.1 9.1 294.9 9.1 0.99 130 158.20 2.4851
5/30/17 14:36 0.0 0 0 126.0 2837.0 130 158.20 2.4851
6/12/17 9:08 20.5 20 1103520 105.5 3143.5 4.41E-10 0.98 20.50 20.00 150 178.70 2.8071
6/19/17 10:09 28.0 28 608460 98.0 3312.6 3.32E-10 1.07 7.50 8.00 158 186.20 2.9249

Cum. 
Inflow

EC Ratio
Date, Time Burette 

Reading
Qout / Qin

Influent Effluent

Wisconsin Geotechnical Laboratory
GCL Hydraulic Compatibility Test with Leachate per ASTM D6766

GCL Thickness :
Wet Sample Weight:

Scepter East
Dry Wt Bentonite:

Incremental Volume
LOI After Test:

Sample Volume, V:
Unit Weight, g:

Dry Unit Weight, gd:
Void Ratio, e:

Porosity, n:

Final Water Content:
Ash Content After Test:  

Ks =
a *L
A * Δt

Ln
H1

H2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪



6/30/17 11:22 38.0 38 954780 88.0 3577.8 3.09E-10 1.00 10.00 10.00 168 196.20 3.0820
7/5/17 9:46 41.7 42 426240 84.3 3696.2 2.76E-10 1.08 3.70 4.00 172 199.90 3.1401

7/7/17 10:13 43.2 43 174420 82.8 3744.6 2.82E-10 0.67 1.50 1.00 173 201.40 3.1637
7/10/17 9:31 45.3 45 256680 80.7 3815.9 2.74E-10 0.95 2.10 2.00 297.1 9.1 295.0 9.1 0.99 175 203.50 3.1967
7/10/17 9:31 0.0 0 0 126.0 3815.9 175 203.50 3.1967
7/17/17 9:12 13.5 13 603660 112.5 3983.6 5.15E-10 0.96 13.50 13.00 188 217.00 3.4087
7/26/17 10:04 24.5 25 780720 101.5 4200.5 3.61E-10 1.09 11.00 12.00 200 228.00 3.5815
7/27/17 14:36 25.8 26.5 102720 100.2 4229.0 3.44E-10 1.15 1.30 1.50 297.1 9.1 296.3 9.2 1.00 202 229.30 3.6019
7/31/17 14:04 29.9 31 343680 96.1 4324.5 3.33E-10 1.10 4.10 4.50 297.1 9.1 294.0 9.3 0.99 206 233.40 3.6663

K (cm/s) = 3.5E-10
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Part II Permit Application
Engineering Plans and Narratives Scepter Disposal Facility

APPENDIX F.2B
HELP Model and Leachate Generation Estimate

 Rev 1
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Job Scepter Waverly Landfill East
Phase Site Project No. 60398526

20500028.00002 Sheet 1 of 4

Description Leachate Drainage Layer
Design/Pipe Spacing Eval Computed by M. May Date 10/19/17

Checked by N. Golden Date 10/19/17

S:\2016\Scepter\028 Waverly\02 Landfill\Design\Calculations\Leachate Calcs\Geocomposite Design\Final\Final Rev1\Drainage layer design--
Geocomposite Calculations_Rev1.doc

Objective:

To verify that the proposed leachate collection system geocomposite drainage layer and pipe
spacing is such that it maintains less than 1 foot of head on the liner under a conservative
hydraulic scenario and has sufficient capacity to handle the anticipated peak leachate flow.

Procedure:

The  Hydrologic  Evaluation  of  Landfill  Performance  (HELP)  Model  and  the  Giroud  Equation
were utilized to evaluate the proposed leachate collection system. The proposed leachate
collection system consists of a geocomposite drainage material, leachate collection piping at a
maximum spacing of 200 feet, and a 12-inch layer of protective cover sand.

The HELP Model was utilized to determine the peak daily rate of leachate flow into the leachate
collection system. A 3.6% floor grade was utilized in the model to represent the shallowest floor
grade in the expansion design grades. (Note: Shallower grades may exist in isolated areas such as
near the leachate collection sump.  However, spacing between leachate collection pipes is
significantly less in those areas).

Two scenarios were evaluated as part of this analysis:

· Open Conditions: This scenario used assumed a 10-ft lift of waste had been placed
in  the  cell.   The  lift  is  modeled  to  have  a  6  inch  thick  daily  cover  soil.  This
scenario provides a peak daily leachate flow under low load conditions,
corresponding to a loading of approximately 900 psf assuming a waste density of
90 pcf.

· Intermediate Conditions: This scenario assumes 80-ft of waste has been placed in
the cell.  The waste material is assumed to be covered with 12-inches of
intermediate cover soils, prior to the installation of the final closure cap.  This
scenario represents the maximum area and provides the maximum peak daily
leachate flow corresponding to a maximum loading of approximately 7,200 psf.

The peak leachate liquid impingement rates calculated by the HELP Model were utilized to
determine the required transmissivity of the geocomposite drainage material under both low load
and high load conditions. The intent of the geocomposite design is to verify that the peak rate of
leachate inflow can be contained entirely within the geocomposite drainage material. Therefore,
the proposed 12-inch sand protective layer above the geocomposite is ignored, providing an
added factor of safety to the design.
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The Giroud Equation was utilized to calculate the minimum required transmissivity of the
geocomposite based on the peak expected leachate flows from HELP, industry accepted
reduction factors, and an added factor of safety of 2.0.

Additional reduction factors are added for each load based on conditions the geocomposite is
predicted to encounter and the standards provided by Geosynthetic Research Institute standard
GC-8.

The following table provides a summary of the reduction factors used in the calculations.

Geocomposite Reduction Factors

Reduction Factor Open Condition Intermediate
Condition

Elastic Deformation 1.0 1.5
Creep Deformation 1.5 2.0
Chemical Clogging 1.5 3.0

Biological Clogging 1.3 1.3
Root Penetration 1.0 1.0

Elastic deformation is typically not taken into account for the composite during the open
conditions.  The elastic deformations during these conditions are relatively negligible during low
loads and a flat slope.  According to current literature, the round shape of the solid core drainage
net found in the composite material should not greatly affect the flow capacity.  The deformation
caused by the rotation of the net has a greater influence on the capacity of the drainage net
component.

As  such,  the  creep  deformation  is  taken  as  1.5  for  the  Open  Condition  as  an  interim  creep  as
loading onto the composite is a general and conservative value for stresses below 6,000 psf.
Loading under the intermediate condition with approximately 80 feet of material will generate a
compressive stress of less than 7,200 psf, however the reduction factors for elastic and creep
deformation are conservatively adjusted to 1.5 and 2.0, respectively.

Typical reduction for the chemical clogging of the geocomposite ranges from 1.5 to 3.0.
Chemical clogging is taken into account for any reaction of the landfill material with that of the
composite material.  It is common for the design of leachate collection layers to assume a value
of 1.5 however, maybe increased based on the alkalinity and particulate settlement of the
material.
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Biological Clogging is typically conservatively estimated at 1.1 to 1.3 based on Geosynthetic
Research Institute GC-8 and 1.5 to 2.0 in more recent literature.  However, this is typically a
value used for municipal solid waste facilities with a larger potential for biological activities.  A
conservative value of 1.3 was considered in this analysis.

Results

Open Conditions

For the HELP Model analysis of open conditions, the maximum peak daily rate of leachate flow
into the leachate collection system was found to be 0.16210 inches/day.

The geocomposite drainage material must have a minimum required transmissivity of 6×10 -4

m2/sec under low load conditions (900 psf) in order to convey the peak expected leachate flow
during open conditions. Refer to calculation attachments for open condition HELP model and
Giroud Equation calculations.

Intermediate Conditions

For the HELP Model analysis of intermediate conditions, the maximum peak daily rate of
leachate flow into the leachate collection system was found to be 0.00323 inches/day.

The geocomposite drainage material must have a minimum required transmissivity of 4×10 -4

m2/sec under high load conditions (7,200psf) in order to convey the peak expected leachate flow
under maximum loading conditions. Refer to calculation attachments for intermediate condition
HELP model and Giroud Equation calculations.

Conclusions

The proposed leachate collection system can safely convey the peak expected leachate flows in
the expansion area within the drainage geocomposite material, thus maintaining less than 1 foot
of head on the liner. The minimum required transmissivities for the geocomposite drainage layer
must  be  tested  prior  to  construction  to  verify  that  it  meets  the  minimum  transmissivity  values
under high and low load conditions. The maximum spacing of the leachate laterals were
calculated at 200 feet on center.

Tables from the GSE Design manual have been provided in referenced attachment. GSE
geocomposite products may be evaluated by plotting the required transmissivity and flow
gradient on each table.  Based on the information, it appears that the GSE 250 mil FabriNet HF®

and FabriNet TRx® are representative of acceptable materials for use in the project. However,
transmissivity testing will be required to verify that the selected materials meet the
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transmissivities required by the results of this analysis.  Refer to the project specifications and
CQA Plan.
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liquid impingement rate, qh = 0.16210 in/day (Peak Daily Value collected above liner system - from HELP Model)
4.77E-06 cm/sec

GEOCOMPOSITE PROPERTIES
ultimate transmissivity, Q = 6.0000E-04 m2/sec

aggregate thickness, t = 250 mil Thickness of geonet
reduction factor for elastic deformation, RFin = 1.0 Low load condition, neglible deformation of the geonet is expected to occur
reduction factor for creep deformation, RFcr = 1.5 Low load condtion, interim creep deformation.
reduction factor for chemical clogging, RFcc = 1.5 Based on GRI-GC8 recommendations for leachate collection systems.
reduction factor for biological clogging, RFbc = 1.3 Conservative values selected based on GRI-GC-8

reduction factor for root penetration, RFrp = 1.0 Liner material, no vegetative growth
design factor of safety, FS = 2.0

allowable hydraulic conductivity, k = 1.6E+00 cm/sec

SLOPE PROPERTIES
slope, z = 3.6 % (Min. floor slope)
slope, b = 2.06 °

length of slope, L = 200.000 ft (Flow length between leachate laterals)

RESULTS
characteristic parameter, l = 2.3E-03

modifying factor, j = 0.988242072

max. liquid thickness, tmax = 0.20 in
max. liquid thickness, tmax = 196.82 mil

MAX. LIQUID THICKNESS:

* 196 mil is less than the thickness of the geocomposite and less then the maximum head (12-inches) allowed.

WHERE:
tmax = maximum liquid thickness
qh = liquid impingement rate
L = length of slope
k = hydraulic conductivity of geocomposite
b = slope

REFERENCE:  Giroud, J.P., J.G. Zornberg, and J.F. Beech, 2000, "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers
Comprising Two Different Slopes", Geosynthetics International , Special Issue on Liquid Collection Systems, Vol. 7, Nos. 4-6, pp 453-489.

LEACHATE LATERAL SPACING CALCULATION (10 FEET OF MATERIAL)

Single Slope Scenario
GEOCOMPOSITE CAPACITY ANALYSIS

S:\2012\Scepter\028 Waverly\02 Landfill\Expansion 4\Leachate Design\Drainage Layer-Giroud-Scepter open conditions 200mil.xls



liquid impingement rate, qh = 0.00323 in/day (Peak Daily Value collected above liner system - from HELP Model)
9.50E-08 cm/sec

GEOCOMPOSITE PROPERTIES
ultimate transmissivity, Q = 4.0000E-04 m2/sec

aggregate thickness, t = 250 mil Thickness of geonet
reduction factor for elastic deformation, RFin = 1.5 High Load condition, however, neglible deformation of the geonet is expected to occur
reduction factor for creep deformation, RFcr = 2.0 High load condtion, interim creep deformation.
reduction factor for chemical clogging, RFcc = 3.0 Based on GRI-GC8 recommendations for leachate collection systems.
reduction factor for biological clogging, RFbc = 1.3 Conservative values selected based on GRI-GC-8

reduction factor for root penetration, RFrp = 1.0 Liner material, no vegetative growth
design factor of safety, FS = 2.0

allowable hydraulic conductivity, k = 2.7E-01 cm/sec

SLOPE PROPERTIES
slope, z = 3.6 % (Min. floor slope)
slope, b = 2.06 °

length of slope, L = 200.000 ft (Flow length between leachate laterals)

RESULTS
characteristic parameter, l = 2.7E-04

modifying factor, j = 0.998545329

max. liquid thickness, tmax = 0.02 in
max. liquid thickness, tmax = 23.53 mil

MAX. LIQUID THICKNESS:

* 23 mil is less than the thickness of the geocomposite and less then the maximum head (12-inches) allowed.

WHERE:
tmax = maximum liquid thickness
qh = liquid impingement rate
L = length of slope
k = hydraulic conductivity of geocomposite
b = slope

REFERENCE:  Giroud, J.P., J.G. Zornberg, and J.F. Beech, 2000, "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers
Comprising Two Different Slopes", Geosynthetics International , Special Issue on Liquid Collection Systems, Vol. 7, Nos. 4-6, pp 453-489.

LEACHATE LATERAL SPACING CALCULATION (80 FEET OF MATERIAL)

Single Slope Scenario
GEOCOMPOSITE CAPACITY ANALYSIS

S:\2012\Scepter\028 Waverly\02 Landfill\Expansion 4\Leachate Design\Drainage Layer-Giroud-Scepter intermediate conditions 200mil.xls
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I. PURPOSE

The purpose of this calculation is to select acceptable particle size distribution bands for the proposed
protective cover sand layer of the geosynthetic liner system of the Scepter Waverly Class II Disposal
Facility, located in Waverly, Tennessee.  The proposed protective cover sand will also be evaluated to
determine acceptable geotextile apparent opening size properties for the proposed leachate collection
drainage system.

II. SITE AND PROJECT DESCRIPTION

The graded filter calculations have been performed as part of the industrial waste permit application for
the proposed landfill at the Scepter Site, located in Waverly, Tennessee. The proposed landfill will be
permitted as a new Class II industrial solid waste landfill through the Tennessee Department of
Environment and Conservation (TDEC) Division of Solid Waste Management.

The geosynthetic liner system for the proposed Class II industrial solid waste landfill will consist of the
following components: Immediately below the waste (which will consist of Aluminum Salt Cake), a 1-
foot thickness of protective cover soil will be constructed using on-site cohesive materials excavated
during the mass grading for the landfill footprint. A 1-foot thickness of protective cover sand will be
constructed immediately below the protective cover soil layer. Geosynthetics including a geocomposite
drainage layer, flexible membrane liner, and geosynthetic clay liner will be placed below the protective
sand cover layer.  A 2-foot thickness of compacted soil will be constructed below the geosynthetic layer
using on-site cohesive materials excavated during the mass grading for the landfill footprint. The
proposed liner system is illustrated below in Figure 1.

Figure 1: Proposed Landfill Liner System
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For the proposed leachate collection system, protective sand cover will be placed over an 8 ounce per
square yard (oz./sy.) non-woven geotextile fabric that will envelop AASHTO #57 stone and a 6 inch
diameter, perforated SDR-11 high density polyethylene (HDPE) collection pipe.  Because the geotextile
will be overlain by the protective cover sand, the geotextile must be sized to adequately to filter the
protective cover sand material.  The proposed leachate collection system is shown below in Figure 2.

Figure 2: Proposed Leachate Collection System

The following sections summarize the methodology, assumptions, and results of the graded filter design
and geotextile apparent opening size calculations.  For further detail on the specific calculations
performed, refer to the corresponding data provided in Attachment A.

III. GRADED FILTER CALCULATION – METHODOLOGY

Filter gradation limits are determined using the following steps, as recommended in the NRCS National
Engineering Handbook, Part 633, Chapter 26:  Gradation Design of Sand and Gravel Filters (Category 2).

a. Determine the grain-size distribution of the base soil material (cohesive cover soil).  Use
enough samples to define the range of grain sizes for the base soil or soils and design the
filter gradation based on the base soil that requires the smallest D15 size.

b. Prepare adjusted gradation curves for base soils that have particles larger than the No. 4
(4.75 mm) sieve.

1) Obtain a correction factor by dividing 100 by the percent passing the No. 4 sieve.
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2) Multiply the percentage passing each sieve size of the base soil smaller than No. 4
sieve by the correction factor determined above.

3) Plot these adjusted percentages to obtain a new gradation curve.

4) Use the adjusted curve to determine the percentage passing the No. 200 (0.075
mm) sieve in part c below.

c. Place the base soil in a category determined by the percent passing the No. 200 sieve from
the regraded gradation curve data according to Table 26-1.

d. To satisfy filtration requirements, determine the maximum and minimum allowable D15 size
for the filter in accordance with Tables 26-2 and 26-3, respectively.
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e. The width of the allowable filter design band must be kept relatively narrow to prevent the
use of possibly gap-graded filters.  Adjust the maximum and minimum D15 sizes for the filter
band determined in step d. so that the ratio is 5 or less at any given percentage passing of
60 or less.  Criteria are summarized in Table 26-4.

In designing an acceptable filter band using the preliminary control points obtained in steps
a. through d., the following additional requirements should be followed to decrease the
probability of using a gap-graded filter.

1. Locate the band at the minimum D15 side of the range if it is probable that there are
finer base materials than those sampled and filtering is the most important function
of the zone.  With the minimum D15 size as the control point, establish a new
maximum D15 size by multiplying the minimum D15 size by 5, and locate a new
maximum D15 size.

2. The most important consideration may be to locate the maximum and minimum D15

sizes, within the acceptable range of sizes determined in step d., so that a standard
gradation available from a commercial source or other gradations from a natural
source near the site would fall within the limits.  Locate a new maximum D15 and
minimum D15 within the permissible range to coincide with the readily available
material.  Ensure that the ratio of these sizes is 5 or less.  Label the maximum D15

size Control point 1 and the minimum D15 size Control point 2.

f. Adjust the limits of the design filter band so that the coarse and fine sides have a coefficient
of uniformity (CU) of 6 or less by using the following equation:

ܷܥ =
଺଴ܦ

ଵ଴ܦ
≤ 6

Initial design filter bands by this step will have CU values of 6.  For final design, filter bands
may be adjusted to a steeper configuration, with CU values less than 6, if needed.  This is
acceptable so long as other filter and permeability criteria are satisfied.

Calculate a maximum D10 value equal to the maximum D15 size divided by 1.2.  The factor of
1.2 is based on the assumption that the slope of the line connecting D15 and D10 should be
on a coefficient of uniformity of approximately 6.  Calculate the maximum permissible D60

size by multiplying the maximum D10 value by 6.  Label this Control point 3.

Determine the minimum allowable D60 size for the fine side of the band by dividing the
determined maximum D60 size by 5.  Label this Control point 4.
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g. Determine the minimum D5 and maximum D100 sizes of the filter according to Table 26-5.
Label as Control points 5 and 6, respectively.

h. To minimize segregation during construction, the relationship between the maximum D90

and minimum D10 sizes of the filter is important.  Calculate a preliminary minimum D10 size
by dividing the minimum D15 size by 1.2.  Determine the maximum D90 using Table 26-6.
Label this as Control point 7.
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i. Connect Control points 4, 2, and 5 with straight lines to form a partial design for the fine
side of the filter band.  Connect Control points 6, 7, 3, and 1 with straight lines to form a
design for the coarse side of the filter band.  This results in a preliminary design for a filter
band.  Complete the design by extrapolating the coarse and fine curves to the 100 percent
finer value.  For the purposes of writing specifications, select appropriate sieves and
corresponding percent finer values that best reconstruct the design band and tabulate the
values.

IV. GEOTEXTILE FILTER CALCULATION – METHODOLOGY

The Apparent Opening Size (AOS, or O95) of the geotextile represents approximately the largest soil
particle size that will pass through a given geotextile.  The following relationships have been developed
in order to determine whether a given geotextile is capable of filtering or retaining the soil upstream of
the geotextile depending on the gradation of the upstream soil:

≥ ݈݅݋ݏ ݎ݋ܨ .݋ܰ ℎ݁ݐ ݃݊݅ݏݏܽ݌ 50% :݁ݒ݁݅ݏ 200

ܱଽହ,௚௘௢௧௘௫௧௜௟௘  < ≤ ܱܵܣ) 0.60݉݉ .݋ܰ (݁ݒ݁݅ݏ 30

≤ ݈݅݋ݏ ݎ݋ܨ .݋ܰ ℎ݁ݐ ݃݊݅ݏݏܽ݌ 50% :݁ݒ݁݅ݏ 200

ܱଽହ,௚௘௢௧௘௫௧௜௟௘  < ≤ ܱܵܣ) 0.30݉݉ .݋ܰ (݁ݒ݁݅ݏ 50

Another widely used design criteria recommends the following relationship be met (Carroll, 1983):

ܱଽହ,௚௘௢௧௘௫௧௜௟௘  < × 3 ݋ݐ 2 ହ,௕௔௦௘଼ܦ
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Therefore, a ܱଽହ,௚௘௢௧௘௫௧௜௟௘  will be determined for the proposed geotextile fabric such that each of the
above criteria are met.

V. GRADED FILTER MATERIAL PROPERTIES

As discussed, the primary purpose of the graded filter analysis is to establish an acceptable filter band
for the protective cover sand that will serve to filter the protective cover soil, consisting of on-site
cohesive material excavated during the mass grading of the landfill.  In order to assess the properties of
the protective cover soil, individual particle size distribution tests (ASTM D 422) were performed on
protective cover soil samples taken from multiple borings located across the proposed landfill footprint.
These borings were collected as part of the recent Hydrogeologic Exploration. In total, 21 individual tests
were assessed, and the gradations were fully corrected for gravel content as described in Section III a.
and b. The corrected, particle size distribution plots are shown below in Figure 3.

Figure 3: Corrected particle size distribution for Protective Cover Soil



Job Scepter Waverly Landfill Project No. 60398526 Sheet 8 Of 12
Description Protective Cover Filter Calculation Computed by MW Date 6/28/16

Checked by MWB Date 6/30/16

As shown by the results presented above in Figure 2, the vast majority of the corrected gradations have
between 40 and 85 percent fine sized particles (finer than 0.075 mm, or the opening of the Number 200
mesh sieve). Specifically, 46 particle size distribution tests were performed as part of the
Hydrogeological Exploration, and by analysis, 43 of 46 tests (or 93%) demonstrated between 40 and 85
percent fine sized particles. On average, for every sample tested, 52% of the particles are fine sized after
correcting for gravel content. On this basis, the protective cover soil that will be constructed of on-site
cohesive materials is assessed as a Category 2 base soil in accordance with Section III, c. and Table 26-1.

VI. GRADED FILTER AND GEOTEXTILE CALCULATION RESULTS

Following the procedure described in Section III, the control points corresponding to the required filter
bands for the protective sand cover were calculated based on the protective soil layer being a Category
2 base. The results of the analysis are summarized below in Table 1. Detailed calculations have also been
provided in Attachment A to this document.

Table 1:  Summary of Control Point Calculation

Control Point Filter Band
Designation

Calculated
Particle Size

(mm)
Basis

Control Point 1 D15MAX 0.501 D15MAX/D15MIN = 5
Control Point 2 D15MIN 0.10 Minimum for Category 2 Base Materials
Control Point 3 D60MAX 2.50 D60MAX/D10MAX = 6 (Cu = 6)
Control Point 4 D60MIN 0.50 D60MAX/D60MIN = 5
Control Point 5 D5MIN 0.075 Table 26-5
Control Point 6 D100MAX 75 Table 26-5
Control Point 7 D90MAX 20 Table 26-6 (D10MIN = 0.083mm)

D10MAX 0.42 D10MAX = D15MAX/1.2
D10MIN 0.083 D10MIN = D15MIN/1.2

1 The D15MAX corresponding to a Category 2 Base material is ≤ 0.7mm. The ratio of D15MAX/D15MIN should be no
greater than 5. As filtration is the most critical aspect of the filter design, it was determined that D15MIN should
control the filter band width at the 15th percentile.

Once the control points were determined, the filter design was completed by extrapolating the coarse
and fine curves of the filter band to the 100 percent finer value. The completed filter band design
requirements are summarized below in Table 2. Extrapolated values are noted.
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Table 2:  Summary of Filter Band Design

% Passing
Sieve Size (mm)

Minimum
Filter Band

Maximum
Filter Band

100 1.42 75
90 1.12 20
60 0.5 2.5
15 0.1 0.5
10 0.083 0.42
5 0.075 0.352

0 -- --
2 Extrapolated value

In addition, the proposed filter design band is shown graphically below in Figure 4.

Figure 4: Filter Band Design Requirements
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For the Non-woven Geotextile material proposed for the leachate collection system, the analysis
indicates that the Apparent Opening Size (AOS, or O95) of the proposed geotextile must meet the
following criteria to adequately filter the proposed cover sand.

Since < 50% of the protective cover sand passes the number 200 sieve,

ܱଽହ,௚௘௢௧௘௫௧௜௟௘  < ≤ ܱܵܣ) 0.60݉݉ .݋ܰ (݁ݒ݁݅ݏ 30

The D85 for the required protective cover sand will vary from 1mm to 15mm. Therefore, the AOS should
also meet the following criteria:

ܱଽହ,௚௘௢௧௘௫௧௜௟௘  < × 3 ݋ݐ 2 > ହୀ଼ܦ ݉݉ 3 ݋ݐ 2

VII. CONCLUSIONS

In conclusion, it is recommended that the protective cover sand layer have a gradation that fits within
the bounds of the filter band shown above in Figure 4. ASTM C33 Concrete Sand is a widely used,
commercial grade material that is commonly used as a graded filter and which meets the filter band
requirements for this project. The gradation of ASTM C33 Concrete Sand is presented below in Table 3
for reference. In addition, the gradation of the C33 Concrete Sand is shown in Figure 5 to be within the
bands of the filter design. In any case, it should be stated that any material that meets the filter
gradation criteria provided in Figure 4 and Table 2 is acceptable for use as protective cover sand.
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Table 3:  Gradation Requirements for ASTM C33 Concrete Sand

Figure 5: Comparison of ASTM C33 Concrete Sand with Required Filter Band Limits

Sieve or
Mesh Size

(mm)

% Passing

Minimum Maximum

3/4" 19.05 100 100
1/2" 12.7 100 100
3/8" 9.525 100 100
#4 4.76 95 100
#8 2.38 80 100

#16 1.19 50 85
#30 0.59 25 60
#50 0.297 10 30

#100 0.149 2 10
#200 0.075 3 5
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IX. ATTACHMENTS

Attachment A Detailed Filter Analysis Calculations
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Vital for Tomorrow

107 Von Braun Drive NW Huntsville, AL 35806 Phone: 256-851-5554       Fax: 256-851-5598

April 18, 2018

Brian Griffin
Scepter Inc
Waverly, TN

Email: bgriffin@scepterinc.com

Regarding: Non-Regulated Leachate Disposal

Based on our experience with Hoover Mason’s, Smelter Services’ and Athens Hocking’s landfill leachate,
Valicor Environmental Services will be a disposal option for Scepter. Analytical will need to be reviewed by our
compliance team prior to approval. Assuming the leachate is similar to those already being disposed by Valicor,
the leachate would be approved for disposal at our Huntsville, Alabama facility.

 Should you have any other questions, please let us know.

Thank you.

Sean Westmeier
Valicor Environmental Services
Cell: 513-615-6777
Alabama Facility: 256-851-5554

107 Von Braun Drive NW Huntsville, AL 35806 Phone: 256-851-5554       Fax: 256-851-5598
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Alternative Cover System Demonstration
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I. PURPOSE

The objective of this analysis is to demonstrate that the Geosynthetic final cover system provides
equivalent or superior performance when compared to the compacted clay final cover system.  The
following analysis was performed using the U.S. Environmental Protection Agency’s (USEPA) Hydrologic
Evaluation of Landfill Performance (HELP) Model, version 3.07, to provide a comparison of the amount
of leakage generated through the two cover systems.  The results of the HELP Model provide a long term
estimation of water migration into, through, and out of a landfill given design parameters and general
soil and local climate information.

II. PROCEDURE
The general setup and inputs to the HELP model were kept consistent with a separate analysis
performed on this project which used the HELP model to estimate leachate generation in the landfill
(see HELP Model Leachate Generation Estimates).  The “closed conditions” scenario from that analysis,
which modeled the complete landfill from top to bottom, was referenced herein.  For this analysis,
however, design inputs for only the cover system components were entered.  With the exception of the
two different cover systems modeled, all other inputs into the model were held constant in order to
isolate the correlation of leakage through the cover system directly to the design input parameters for
the cover system components.  A description of the two design cases modeled in this analysis follows:

The compacted clay cover system is shown in Figure 1, and consists of the following layers, from top to
bottom:

· A 12 inch thick vegetative cover soil capable of sustaining native vegetation; and,
· A 24 inch thick compacted clay layer with permeability no greater than 10-7 cm/sec.
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The geosynthetic cover system is shown in Figure 2, and consists of the following layers, from top to
bottom:

· A 12 inch thick vegetative cover soil capable of sustaining native vegetation;
· A 12 inch thick protective cover soil layer;
· A double sided geocomposite drainage layer; and,
· A 40 mil linear low density polyethylene (LLDPE) flexible membrane liner barrier layer which has

permeability much less than the required minimum 10-7 cm/sec.

FIGURE 2: GEOSYNTHETIC FINAL COVER SYSTEM

In addition, the following two layers were used in the model for both cover systems mentioned above to
represent the actual scenario appropriately:

· A 12 inch thick intermediate cover
· A 165 feet thick waste
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Each case was simulated by the HELP Model for a one-hundred (100) year time period to verify that all
reasonably expected climactic conditions were modeled. The model presents peak daily results and
average annual results over the 100-year simulation period.

III. ASSUMPTIONS

The following assumptions were made in performing the HELP Model analysis. For reference, relevant
pages of the HELP Model Engineering Documentation Manual are provided as Attachment A.

Landfill Cover System Material Textures

· Both the vegetative and protective cover layer were modeled as HELP default texture
12 (USCS Classification CL) with a default permeability of 4.2x10-5 cm/sec.

· The compacted clay layer was modeled as HELP default texture 16 (Liner Soil) with a
default permeability of 1.0x10-7 cm/sec.

· The 200 mil geocomposite drainage layer was modeled as HELP default texture 20
(Lateral Drainage Layer) with a default permeability of 10.00 cm/sec.

· The 40 mil Linear Low Density Polyethylene (LLDPE) geomembrane was modeled as
HELP default texture 36 (Flexible membrane liner) with a default permeability of 4.0 x
10-13 cm/sec.

· The 12 inch thick intermediate cover was modeled as HELP default texture 12 (Vertical
Percolation Layer) with a default permeability of 4.2 x 10-5 cm/sec.

· The 165 feet thick Waste layer was modeled as HELP default texture 33 (Vertical
Percolation Layer) with a re-defined permeability of 1.0 x 10-3 cm/sec.

General Assumptions

· The geosynthetics materials will be constructed with good quality workmanship and in
accordance with the project CQA Plan.

· The initial water contents of all layers were manually set equal to the default HELP
specified field capacity of the material, which represents the water content of the
material after a prolonged period of gravity drainage. However, it should be noted that
for the purpose of calculating hydraulic flow through the landfill system, the HELP
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Model automatically assumes that all barrier layers (the compacted soil liner and final
cover barrier layer) are saturated.

· The HELP Model was utilized to synthetically generate temperature, precipitation,
evapotranspiration, and solar radiation data based on a location of Scepter, Indiana.
The evaporative zone depth was set to 12 inches because that is the depth of the
vegetative cover soil layer.

· The HELP Model results are independent of the landfill area. A one (1) acre area was
considered for the analysis.  Therefore, cover system leakage results are presented as
cubic feet per acre per time period (annual or daily).  Results were converted to gallons
per acre per time period using the conversion factor listed below:

ଷݐ݂

݀݋݅ݎ݁݌ ݁݉݅ݐ ×
ݏ݊݋݈݈ܽ݃ 7.48

ଷݐ݂ ×
݀݋݅ݎ݁݌ ݁݉݅ݐ
ݏݕܽ݀ ݂݋ #

IV. RESULTS
The HELP Model output files for the prescribed and proposed cover systems are provided in
Attachments.

The key results of the HELP Model comparing the hydraulic performance of the two cover systems are
shown in Table 1 below.  Note that these results are presented for comparative purposes and may not
represent accurate estimates of actual leakage through the constructed cover system.

Table 1.  Hydraulic Performance of Compacted Clay vs. Geosynthetic Final Cover Systems

FINAL COVER SYSTEM CASE
AVERAGE DAILY
LEAKAGE RATE

(GAL/ACRE/DAY)

PEAK DAILY LEAKAGE
RATE

(GAL/ACRE/DAY)

AVERAGE ANNUAL
LEAKAGE RATE

(GAL/ACRE/YEAR)
Compacted Clay 123.3 138.53 45,006
Geosynthetic 0.04 0.45 13

V. CONCLUSIONS
The results in Table 1 provide a side by side comparison of the compacted clay vs. Geosynthetic final
cover systems, which shows that the Geosynthetic final cover system will result in less moisture leakage
into the landfill than the compacted clay system.  Also, the Geosynthetic final cover system is expected
to cost less with easier, more controllable construction methods.
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ATTACHMENT A
Select HELP Model Engineering Documentation



ATTACHMENT B
HELP Model Results: Compacted Clay Final Cover System
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I. PURPOSE

The purpose of this analysis is to calculate the required transmissivity of the final cover system
geocomposite.  The following sections summarize the methodology, assumptions, and results of the
final cover system geocomposite design for the proposed Landfill facility. For further detail on the
specific calculations performed, refer to the corresponding input/output data provided in the
attachments.

II. METHODOLOGY
Slope geometry and cover system materials were established from the proposed permit design drawings
and are summarized below.

The cap system will be installed at the final surface of the crest and sideslopes overlying the waste
material. The proposed maximum sideslope angle for the proposed cap system is 3 Horizontal to 1
Vertical (3H:1V).  The longest 3H:1V slope length is approximately 90 feet, with storm water terraces
spaced on the 3H:1V slope every 30 vertical feet maximum.  Water collected in the Geocomposite will
be drained into the storm water terraces.

Layers and layer thicknesses for the final cover system cap are anticipated as follows:

Table 1.  Layer Summary for the Final Cover System
THICKNESS LAYER

Final Cover
6 in Vegetative Cover Soil

18 in Protective Cover Soil
n/a Geocomposite Drainage Layer
n/a Textured Geomembrane

n/a – thickness of layer is small (negligible)

The geocomposite must be designed to transmit the expected flow of water into the geocomposite
through the overlying cover soil.  It is assumed that the maximum flow into the geocomposite will occur
when the overlying soil is saturated.  The cover soil was modeled with a conservative long-term
permeability (kc) of 5x10-5 cm/sec.  The following equation can be used to model the relationship
between the average head level in the geocomposite (havg), the slope length (L) and angle (β), the
permeability of the cover soil (kc) and the required permeability of the geocomposite (kd).:

ℎ௔௩௚ =
݇௖ܮ(cosߚ)
݇ௗ(sin (ߚ (1)
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The minimum required transmissivity (Tdesign) of the geocomposite drainage layer is determined by
limiting the average head (havg) on the drainage layer to the thickness of the drainage layer (td).  For the
purpose of calculations, a geocomposite thickness of 0.5 cm (0.2 in or 200 mils) was utilized. Limiting the
average head to the approximate thickness of the drainage layer ensures drainage occurs within the
drainage layer.

The minimum required transmissivity (Tdesign) of the geocomposite is calculated using the following
equation (from “Designing with GRI Standard GC8,” Narejo and Richardson, 2003):

ௗܶ௘௦௜௚௡ = ݇ௗݐௗ (2)

Where,

td = Thickness of the Drainage Layer

A factor of safety is then applied to Tdesign to obtain the allowable transmissivity (Tallow) (from “Designing
with GRI Standard GC8,” Narejo and Richardson, 2003), as shown in the equation below:

ܵܨ = ௔ܶ௟௟௢௪

ௗܶ௘௦௜௚௡
(3)

Reduction factors are then applied to the allowable transmissivity (Tallow), which represents long-term in-
situ conditions. The decrease in flow capacity from the minimum required transmissivity (Tspec) to the
long-term in-situ conditions is described by reduction factors (RF) as given in “GSI White Paper #4:
Reduction Factors Used in Geosynthetic Design” (Koerner and Koerner, 2005). The equation below was
used to determine Tspec:

௔ܶ௟௟௢௪ = ௦ܶ௣௘௖

஻஼ܨ஼஼ܴܨ஼ோܴܨூேܴܨܴ
(4a)

Substituting equation (3) and solving for Tspec:

௦ܶ௣௘௖ = ௗܶ௘௦௜௚௡ܵܨ × ஻஼ܨ஼஼ܴܨ஼ோܴܨூேܴܨܴ (4b)

Typical values for reduction factors for landfill covers from Koerner and Koerner (2005) and Narejo and
Richardson (2003) are included in Attachment A.  Values chosen for reduction factors were taken from
the range of values presented and are summarized below:
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Table 2.  Reduction Factor Summary
REDUCTION FACTOR VALUE COMMENTS

Intrusion, RFIN 1.0 Boundary conditions during laboratory testing will
account for intrusion; 1.0 recommended by Narejo
(2004) – included in Attachment A

Creep, RFCR 1.1 Low loading conditions
Chemical Clogging, RFCC 1.2 Potential for some precipitate from onsite cover soil

(clay from weathered chert)
Biological Clogging, RFBC 2.3 Middle of range from Narejo (2004)
Drainage Factor of Safety, FS 3 Conventionally between 2 and 3

III. RESULTS OF ANALYSIS
As discussed in Section II, the geocomposite drainage layer must be selected with adequate
transmissivity to limit the depth of flow to the thickness of the geocomposite.  Conservative
assumptions regarding factors of safety, reduction factors, and the assumed saturated hydraulic
conductivity of the overlying soils are considered when calculating the specified minimum transmissivity
of the final cover system geocomposite.

The design drainage length is approximately 90 feet (length of longest slope) between drainage daylights
at each storm water terrace. The minimum transmissivity required to maintain drainage inside the
geocomposite on the 3H:1V slopes is 3.75 x 10-4 m2/sec. This is the minimum required value for testing
and manufacturer’s specifications, (Tspec).  Refer to Attachment B for supporting calculations.

IV. REFERENCES

Narejo, D. and Richardson, G. (2003), “Designing with GRI Standard GC8.” GFR, vol. 21, no. 6, pp. 20–23.

Koerner, R. M. and Koerner, G. R. (2005), “GSI White Paper #4 Reduction Factors (RFs) Used in
Geosynthetic Design.” Geosynthetic Institute
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APPENDIX F.4
Geotechnical Calculations

F.4A Shallow Translational Slope Stability Analysis (Rev 3)

F.4B Liquefaction Analysis (Rev 3)

F.4C Deep-Seated Slope Stability (Global) Analysis (Rev 3)

F.4D Seismic Coefficient Calculation (Rev 3)

F.4E Hydrostatic Uplift Analysis (Rev 3)

F.4F Settlement Analysis (Rev 3)
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I.  PURPOSE

The purpose of this analysis is to evaluate the settlement potential of the foundation soils for the
proposed Scepter Inc. Waverly Class II Disposal Facility.  Settlement calculations are required pursuant
to rule 400-11-01-.04(4)(a)1.(iii) which states the liner must be placed upon a foundation or base
capable of providing support to the liner and resistance to pressure gradients above and below the liner
to prevent failure of the liner due to settlement, compression, or uplift.

II. SITE AND PROJECT DESCRIPTION

The settlement analysis was performed as part of the Part II Solid Waste Permit Application for the
landfill facility for Scepter, Inc. in Waverly, Tennessee.

The proposed site will be permitted as a new Class II solid waste landfill through the Tennessee
Department of Environment and Conservation (TDEC) Division of Solid Waste Management.

The following sections summarize the methodology, assumptions, and results of the settlement analysis.
For further detail on the specific calculations performed, refer to the corresponding data provided in the
Attachments.

III. SUMMARY OF SUBSURFACE CONDITIONS

In assessing hydrostatic uplift, a hydrogeologic exploration program was performed recently consisting
of 7 borings and 2 monitoring wells within and around the proposed footprint of the facility and
constituting approximately 494 feet of drilling. In addition, previously developed subsurface data within
and in the vicinity of the proposed landfill footprint including over 15 additional borings and laboratory
test data were utilized in the assessment. Detailed observations, soil sample test results, analyses, and
conclusions concerning the subsurface conditions are presented in the Hydrogeologic Evaluation report
for the permit.  Additional information was obtained from a subsurface exploration performed by GA
Technical Services in 1989.  The following summarizes the in-situ conditions related to the settlement
analysis.

a. Soil and Bedrock

The subsurface soil material generally consists of silty clay residuum with some clayey silt, clayey
sand, and silty sand.  Laboratory tested samples obtained from the site typically had between 27
to 73 percent of material by weight passing the #200 sieve with 20% or more finer than 0.002
mm.  The plasticity index of the soils generally ranged between 5 and 15 percent indicating a
cohesive material of low to medium plasticity.  Natural moisture typically varied between 6 and
41 percent.  Hydraulic conductivity test results were typically around 4.7×10-7 cm/s to 7.5×10-7
cm/s for in-situ Shelby tube samples.

Generally, weathered bedrock immediately underlies the unconsolidated soil material at the
site.  Depth to bedrock across the footprint varies from approximately 110 feet to 130 feet.  The
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uppermost bedrock is comprised primarily of the Fort Payne formation overlying the
Chattanooga shale. These upper units are generally described as follows:

· The Fort Payne formation in the area constitutes the upper 100 to 200 feet of the
ridges.  This formation has almost completely weathered to a residuum of a chert
silt/clay matrix and colluvium.

· The Chattanooga Shale is black, fissile, pyritic, carbonaceous often called bituminous
shale which acts as a confining unit.  The Chattanooga shale does not outcrop at the site
and was encountered during drilling for the Scepter facility supply well at a depth of
approximately 130 feet below ground surface (BGS).

b. Groundwater

Groundwater generally occurs in two zones at the site:  shallow systems in the alluvial deposits
beneath the area at depths ranging from approximately 35 to 80 feet BGS and the deep regional
system within the carbonate aquifer in the Fort Payne formation.

The shallow water is semi-confined and its connection to the surface (i.e., recharge by surface
infiltration)  is  evidenced  by  temperature  and  water  level  fluctuations  in  wells  shortly
following  precipitation  events.    Local groundwater flow typically mimics the topography, and
the flow direction is generally toward area drainage features.  A topographically low area is
present north of the Scepter landfill.

No ponds, springs, sinkholes, ephemeral seeps or wetlands were identified during site
reconnaissance.  A perennial water feature exists on the north side of the CSX railroad tracks
which is identified as a blue line stream within Leach Hollow on a USGS topographic map.  This is
the receiving stream for all site drainage which flows west to the Tennessee River.

The regional system in the vicinity of the sites is located within the carbonate aquifer.
Groundwater within the regional aquifer is encountered in the Fort Payne formation.  Recharge
to the groundwater occurs primarily from infiltration of precipitation.  The recharge waters
ultimately migrates downgradient toward the Tennessee River.  The Tennessee River flows
south to north adjacent to the Scepter site.  It is dammed to form Kentucky Lake near Lake City,
Kentucky.

IV. COMPONENTS OF SETTLEMENT

Under load, soils settle.  This can cause settlement of structures located on or within the soil.  Some
degree of settlement is inevitable, but the settlement must be kept to a tolerable limit or the desired
use or design life of the structure may be impaired.

Structures may settle uniformly or nonuniformly.  Nonuniform settlement is called differential
settlement and is the primary concern of the settlement analysis.  Once total settlement is computed,
differential settlement can also be computed by comparing total settlement at two adjacent locations
and calculating the difference.
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Total settlement usually consists of three parts—immediate or elastic compression, primary
consolidation, and secondary compression.

a. Immediate Settlement

Immediate settlement generally takes place as the load is applied or within a time period of
about 7 days and predominates in cohesionless soils and unsaturated clay.  Immediate
settlement usually isn't calculated for fine grain materials that have a degree of saturation of
approximately 90% or more.

Based on proposed geologic buffer elevation, the groundwater surface is expected to be within
5 feet of the top of geologic buffer.  So, foundation soils are expected to be saturated once the
subgrade elevation is reached.  Therefore, immediate settlement is neglected for this analysis.

b. Primary Consolidation

Of the three contributors, primary consolidation accounts for the majority of settlement.  For
fine grained soils, primary consolidation involves the expulsion of water from the pore spaces
resulting in a volume reduction as the soil particles rearrange themselves to form a denser
configuration.  This process is controlled by the hydraulic conductivity of the material and can
therefore take a long period of time for fine grained materials.

Because consolidation settlement is responsible for nearly all the total settlement, it is the
focus of this analysis and is explained in more detail below.

c. Secondary Compression

Secondary compression occurs through volume changes as in primary consolidation except that
it  occurs  at  a  much  slower  rate  and  occurs  via  creep  through  crushing  of  inter-granular
particles.  This type of settlement occurs at a constant effective stress (i.e. once the excess pore
water is dispersed).  Secondary compression is unlikely to contribute significantly to the overall
total settlement for inorganic, overconsolidated soils.   Because primary settlement can be
estimated only within 10 to 20 percent accuracy and because the foundation and engineered
components are somewhat tolerant of differential settlement, secondary settlement is
neglected for this analysis.

It should be noted that the above procedure assumes all foundation soils are cohesive and will be
subject to primary and secondary consolidation only.  However, in reality, intervals of the foundation
soils are granular and will likely undergo elastic settlement as waste is placed.  As such, post
construction settlement will likely be less than the model predicts.  Accordingly, the settlement results
are expected to be conservative.

V. MODEL THEORY

Every natural soil is characterized by its composition and structure.  Many combinations of composition
and structure allow soil to exist at different void ratios allowing for both small and large responses to
external loads.  Most settlement problems do not alter the composition of a soil, and compression takes
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place exclusively in response to an increase in effective vertical stress due to load. The natural soil
structure adjusts to a new orientation undergoing a decrease in the volume of voids. The compression
response to the initial increments of effective stress is strongly influenced by the natural structure of the
soil.

Consolidation theory is often illustrated by use of a spring analogy where the characteristic of the spring
represent the characteristics of the soil structure.  As the spring is compressed (i.e. the soil skeleton),
water is forced out of the soil pores.  The spring in this case has a "memory" where after the load is
removed, the spring rebounds, but not to the initial starting point.  Instead it rebounds more slowly and
returns to some interim point.  If the spring were to be compressed again beyond the initial maximum
stress, it is less compressible at first because of the stress history. However, as the pore water flows
away from the soil and it once again reaches the conditions equivalent to the maximum past pressure, it
becomes more compressible returning to its initial characteristics.

This circumstance where a soil has been historically compressed under a higher load than current
conditions is called overconsolidation.  Geologically, the best-known process for causing
overconsolidation is preloading, in which the increased resistance to compression is the result of
previous consolidation of  the clay under past  effective vertical pressures higher than  that of the
existing effective overburden.  The historical maximum stress is called the preconsolidation pressure (σ'P
or pC ) and it defines the boundary between stiff and soft deformation response of a soil to loading. Soils
where the in-situ stress is equivalent to the maximum load are called normally consolidated.

Preconsolidation can be measured via laboratory oedometer testing.  The same test can measure the
ratio of deformation to load that occurs under stress less than the preconsolidation stress which is called
the recompression index (cR).  Similarly, this test can measure the ratio of deformation to load that
occurs relative to the preconsolidation stress along a compression curve as depicted in Figure 1. This
figure depicts theoretical test results for both normally consolidated and overconsolidated clay samples.
The recompression index (cR) is equivalent to the slope of the compression curve prior to the
preconsolidation pressure and the compression index (cC) is equivalent to the slope of the compression
curve after the preconsolidation stress.  The field compression curves depicted are generated based on
the procedures suggested by Schmertmann (1955).

The magnitude of the preconsolidation pressure is best expressed in terms of the ratio of in-situ
effective stress (σVO) to the preconsolidation stress value of (σVO/σ'P) known as the overconsolidation
ratio, OCR.

Measured magnitudes of OCR for a variety of natural soft clays are in the range of 1.2 to 3 except within
the desiccated crust, where they may be much higher.
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Figure 1.  Normally consolidated and overconsolidated test results and corresponding estimated field curves

By use of the unique compression curve and the settlement parameters associated with a given soil, the
change in void ratio (and the associated settlement) can be determined in response to a surcharge load
(∆σV ) using the following governing equations.

For the normally consolidated case, where the preconsolidation pressure is equal to the in-situ pressure,
the following equation applies.

஼ݏ =
௖ܥ଴ܪ
1 + ݁଴

݃݋݈
௏଴′ߪ + ௏ߪ∆

௏଴′ߪ
Where:

sc = Settlement of layer
H0 = Thickness of layer
Cc = Compression Index of layer
e0 = Initial void ratio at layer
σ'VO  = Effective overburden pressure at layer center
∆σV = Surcharge pressure at layer center

There are two possible cases related to degree of overconsolidation.   For the first possible
overconsolidated case, where the sum of the vertical overburden pressure and the surcharge pressure
of the layer is greater than the preconsolidation pressure, the following equation applies.
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஼ݏ =
௖ܥ଴ܪ
1 + ݁଴

݃݋݈
௏଴′ߪ + ௏ߪ∆

௉′ߪ
+
ோܥ଴ܪ
1 + ݁଴

݃݋݈
௉′ߪ
௏଴′ߪ

Where:

σP’ = Effective preconsolidation pressure
CR = Recompression Index of layer

For the second possible overconsolidated case where the sum of the vertical overburden pressure and
the surcharge pressure of the layer is less than the preconsolidation pressure, the following equation
applies:

஼ݏ =
ோܥ଴ܪ
1 + ݁଴

݃݋݈
௏଴′ߪ + ௏ߪ∆

௏଴′ߪ
The surcharge pressure applied to the settlement calculations was determined using a generalized
embankment load for each cross section.  The surcharge pressure due to embankment loading was
determined using the following calculations from Das (2010).  For this two-dimensional loading
condition, the surcharge pressure is calculated using the following equation and Figure 2.

௭ߪ∆ =
௢ݍ
ߨ
൤൬
ଵܤ ଶܤ+
ଶܤ

൰ ଵߙ) (ଶߙ+ −
ଵܤ
ଶܤ
൨(ଶߙ)

Where:

qo = ܪߛ
g = Unit weight of embankment soil

H = Height of embankment

(ݏ݊ܽ݅݀ܽݎ)ଵߙ = tanିଵ ൬
ଵܤ + ଶܤ
ଶܤ

൰ − tanିଵ ൬
ଵܤ
ݖ ൰

ଶߙ = tanିଵ ൬
ଵܤ
ݖ
൰

z = depth to midpoint of foundation soil layer

Figure 2.  Embankment loading
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The equation for embankment loading was adjusted according to each cross section and point of
interest.  For embankments with a grade break, the equations were adjusted to calculate two
embankment loads and the total surcharge load was obtained by the superposition principle.  The
calculations for the embankment loading are provided in Attachment D.

VI. SETTLEMENT METHODOLOGY

Classical settlement theory was used in all settlement analysis performed. Overall settlement,
differential settlement, and resulting strains were analyzed. The following sections summarize the
settlement considerations, procedures, interpretation of subsurface conditions, assumptions, results
and conclusions of the settlement analysis. For further detail on the specific calculations performed,
refer to the corresponding data provided in the Attachments.

a. Settlement Considerations

Based on laboratory testing results and geologic history, the majority of the material (residual
clayey soil) is slightly overconsolidated, meaning that the total in-situ pressure is less than the
preconsolidation pressure.  As discussed, it is assumed settlement will occur primarily as a result
of consolidation of the in-situ clay.

The proposed waste material will likely be moderately compacted during placement. Significant
settlement of the waste material is not anticipated. Furthermore, any settlements in the waste
itself will not affect the engineered components of the landfill liner system. Thus, settlement of
the waste is not considered in this analysis.

b. Settlement Methodology

The overall steps/elements of the settlement analysis are as follows:

· Locate  cross-sections  along  which  settlements  are  to  be  computed  and  develop
subsurface profiles at defined intervals represented by points;

· Choose material parameters for the points along each settlement section, including the
surcharge imposed by the fill, as described in Material Parameters; and

· Compute  the  settlement  for  each  point  on  the  Section  line  using  the  applicable
settlement equations described above.

VII. CROSS SECTION LOCATION

Cross sections were determined strategically to evaluate the effects of total and differential settlement
on the engineered components of the liner and leachate collection system. However, it should be noted
that cross sections do not exactly align with proposed leachate collection pipes, nor are the cross
sections aligned exactly perpendicular to the liner. The pre-settlement slope of the liner floor to the
sump is 3.6%, and the pre settlement slope of the proposed leachate lines is approximately 2.7% to 3%.
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a. Stratigraphy

Based on results of the subsurface exploration program and design of the facility, a stratigraphic
model (from the top down) was developed for the settlement analysis as shown in Table 1.

Table 1.  Settlement Stratigraphy

Layer Soil Layer Thickness Description

1 Final Cover
System 3 ft

Layer includes vegetative and protective soil components,
Geocomposite drainage, FML barrier, and geocomposite gas
pressure relief.  Layers are modeled as a single composite with a
conservative unit weight.

2 Waste
Material Varies Layer includes aluminum salt cake waste material only.

Thickness varies throughout facility.

3 Bottom Liner
System 2 ft

Layer includes protective layer, geosynthetic drainage, and
geomembrane liner.  Layers are modeled as a single composite
with a conservative unit weight.

4 Compacted
Clay Liner 2 ft Layer is composed of recompacted soil from on-site materials to

be constructed above geologic buffer/native soils.

5
Geologic

Buffer/Native
Clay Soil

Varies

Layer is composed of native residuum/alluvial soil.  Material
identified in subsurface exploration as clay to silty sand
describes the majority of onsite soil.  Conservative settlement
parameters were assigned based on consolidation testing from
onsite samples for silty clay and clayey silt.

6 Bedrock Infinite

Depth and location of bedrock is based on previous subsurface
explorations and varies across the site.  Top of bedrock in the
model represents areas where refusal was reached during split
spoon sampling in previous subsurface explorations.  Bedrock is
considered incompressible for purposes of settlement and
therefore strength and thickness are modeled as infinite.

b. Water Table

The piezometric surface representing the perched water is based on a conservative
representation of perched water levels encountered during subsurface exploration at the site.
Perched water levels were encountered at depths of 35 to 80 feet BGS.  The water level
generally dips towards the northwestern side of the facility from elevation 493 feet to about 430
feet.  Due to the underdrain in the design, perched water will remain below the compacted clay
liner in all areas.

c. Settlement Sections and Subsurface Profiles

Settlement sections were chosen across the landfill in the south-north and west-east directions.
The sections were chosen to reflect the variability in thickness of overburden soils and bedrock
topography and to provide appropriate geospatial coverage.  The sections were also chosen to
encompass the full height of the landfill.  The landfill configurations used in the settlement
analyses correspond to that given in the Permit Drawings.

Attachment A presents the location of the sections with respect to top of leachate collection
layer grades.  Equidistant points, approximately spaced no more than 50 feet apart, are depicted
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along each section numbered in accordance with stationing. Attachment B and Attachment C
show the profile along each cross section.

The settlement analysis is based on the material types and properties presented in the
Hydrogeologic Evaluation report that includes the results of the geotechnical exploration, and
the general summary of subsurface conditions presented above.  The pertinent material
properties and a summary of the results are presented below.

VIII. MATERIAL PROPERTIES

a. Surcharge Magnitudes

Surcharge load drives consolidation settlement.  It is computed by evaluating the embankment
loading at the midpoint of the native clay layer for each equidistant point along the profile.

Final Cover System:  This layer is modeled as a composite of materials.  This layer includes 6
inches of vegetative cover, 18 inches of protective cover soil, a geocomposite drainage layer, a
flexible geomembrane layer, a gas pressure relief geocomposite layer, and a foot of barrier soils.
The geosynthetic layers are thin such that their weight is negligible.  Only the soil layers
contribute substantially to the unit weight of the cover system.  Total unit weight for the final
cover layers is anticipated to range between 100 and 110 pcf.

Waste Materials:  The primary contributor to the surcharge load responsible for settlement is
the waste product that is to be disposed in the landfill.  The waste material includes aluminum
salt cake material only.  Total unit weight for the waste material is anticipated to range between
100 and 110 pcf.

Liner and Leachate Collection System:  This layer is modeled as a composite of materials.  This
layer includes a foot of barrier soils, a geocomposite drainage layer, a geosynthetic clay liner
(GCL), leachate collection pipes, a flexible membrane liner (FML), a protective cover layer of
sand and clay, and a geologic buffer of native clay.  The geosynthetic layers are thin such that
their weight is negligible.  The permeability of the native soil allows it to serve as the geologic
buffer.  Therefore, only the cover layers contribute substantially to the unit weight of this liner
system.  Total unit weight for the cover layers range between 100 and 120 pcf depending on the
confining stress.

The total unit weight of the surcharge materials and thickness anticipated is shown in Table 2
below.

Table 2.  Settlement Analysis Input Parameters – Surcharge Materials

Layer Total Unit Wt., γT (pcf) Thickness (ft)

Final Cover Layer 110 3

Waste Material 110 Varies

Liner/Drainage/Protective/CSL 120 4
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b. Primary Settlement Parameters

Material properties pertinent to consolidation settlement analysis include the soil total unit
weight, initial void ratio (e0), preconsolidation pressure (σ'P), and compression indices (CC and
CR).   The soil properties used in the settlement analysis for the in-situ foundation materials were
estimated based on published correlations and consolidation tests.  Parameters were assigned
to the native clay based on these results.  Unit weight (γT) and the settlement parameters were
held constant in all analyses.

Table 3.  Settlement Parameters for Compressible Material

Layer γ (pcf) s’p (psf) e0 Cc CR

Foundation Soil 120 2600 0.90 0.20 0.04

IX. RESULTS

Due to the large number of computations involved, a spreadsheet program was used to perform the
analysis. Spreadsheet outputs for all points analyzed, the differential settlement between points, and
the minimum grades calculated along the profile are provided in Attachment D.

Differential settlement and liner strain resulting from the settlement were also computed.  Liner strain is
calculated between points along the sections. Percent liner strain was calculated as follows:

(%)்ܧ =
௙ܮ ଴ܮ−
଴ܮ

∗ 100

Where:

ET = Tensile strain
L0 = Original distance separating two location points
Lf = Final distance separating the same two points after
  settlement is complete

The tables below summarize the consolidation settlement, differential settlement, strain, and post
settlement grades at each station for each cross section. Calculations for each point are included in
Attachment D. A sample calculation of settlement is provided in Attachment E.
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Table 4.  Summary of Settlement Calculations Along South-North Cross Section 1

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

5+33.82 27.26 --- --- ---
5+83.82 29.09 1.83 0.0936% -34.35%
6+33.82 32.56 3.47 0.1781% -34.76%
6+83.82 42.85 10.30 0.5379% -35.98%
7+33.82 44.47 1.61 0.0826% -34.51%
7+83.82 31.08 13.39 0.6640% -32.03%
8+33.82 29.49 1.59 0.0241% -9.01%
8+83.82 32.77 3.28 0.0185% -3.67%
9+33.82 31.59 1.18 0.0059% -2.90%
9+83.82 32.95 1.37 0.0074% -3.35%

10+33.82 34.47 1.51 0.0082% -3.39%
10+83.82 37.52 3.05 0.0173% -3.65%
11+33.82 42.69 5.16 0.0307% -4.00%
11+83.82 48.41 5.72 0.0344% -4.09%
12+33.82 56.43 8.03 0.0509% -4.48%
12+83.82 52.03 4.40 0.0203% -2.41%
13+33.82 45.94 6.10 0.0241% -1.86%
13+83.82 37.41 8.53 0.0277% -1.24%
14+33.82 31.96 5.45 0.0200% -1.75%
14+83.82 26.91 5.05 0.0190% -1.84%
15+33.82 24.19 2.72 0.0767% 17.65%
15+83.82 23.37 0.82 0.0381% 30.52%

16+33.82 24.70 1.33 0.0576% 28.02%
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Table 5.  Summary of Settlement Calculations Along South-North Cross Section 2

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

4+46.42 30.57 --- --- ---

4+96.42 31.78 1.21 0.0625% -34.80%

5+46.42 33.37 1.59 0.0818% -34.65%

5+96.42 36.10 2.73 0.1394% -34.41%

6+46.42 41.52 5.42 0.0929% -10.84%

6+96.42 49.13 7.61 0.0405% -3.83%

7+46.42 54.51 5.37 0.0271% -3.48%

7+96.42 46.58 7.92 0.0251% -1.24%

8+46.42 39.92 6.66 0.0222% -1.45%

8+96.42 34.04 5.88 0.0205% -1.60%

9+46.42 30.31 3.73 0.0136% -1.88%

9+96.42 27.73 2.58 0.0093% -1.95%

10+46.42 27.44 0.29 0.0011% -2.25%

10+96.42 30.56 3.11 0.0136% -2.88%

11+46.42 39.36 8.80 0.0433% -3.69%

11+96.42 42.01 2.65 0.0110% -2.72%

12+46.42 36.18 5.83 0.0164% -1.21%

12+96.42 31.50 4.69 0.0138% -1.38%

13+46.42 26.91 4.59 0.0136% -1.39%

13+96.42 23.65 3.25 0.0106% -1.68%

14+46.42 21.49 2.16 0.0411% 11.74%

14+96.42 19.73 1.77 0.0905% 34.49%
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Table 6.  Summary of Settlement Calculations Along South-North Cross Section 3

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

4+50.00 30.67 --- --- ---

5+00.00 32.58 1.91 0.0948% -33.06%

5+50.00 35.34 2.76 0.1368% -33.18%

6+00.00 37.88 2.53 0.1256% -33.14%

6+50.00 41.35 3.48 0.1727% -33.32%

7+00.00 51.37 10.02 0.1556% -10.23%

7+50.00 57.97 6.60 0.0342% -3.66%

8+00.00 51.15 6.82 0.0226% -1.42%

8+50.00 43.21 7.94 0.0254% -1.26%

9+00.00 35.89 7.33 0.0238% -1.34%

9+50.00 34.43 1.46 0.0060% -2.34%

10+00.00 38.99 4.56 0.0223% -3.32%

10+50.00 40.01 1.02 0.0045% -2.75%

11+00.00 42.64 2.64 0.0123% -3.02%

11+50.00 50.32 7.68 0.0386% -3.66%

12+00.00 48.34 1.98 0.0070% -1.95%

12+50.00 44.15 4.19 0.0126% -1.46%

13+00.00 40.79 3.36 0.0110% -1.68%

13+50.00 32.47 8.32 0.0198% -0.73%

14+00.00 26.17 6.30 0.0169% -1.09%

14+50.00 23.48 2.70 0.1097% 26.29%

15+00.00 22.79 0.69 0.0348% 33.66%
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Table 7.  Summary of Settlement Calculations Along South-North Cross Section 4

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

4+63.00 28.94 --- --- ---

5+13.00 31.06 2.11 0.1044% -33.03%

5+63.00 33.63 2.57 0.1276% -33.17%

6+13.00 37.09 3.46 0.1716% -33.30%

6+63.00 49.37 12.28 0.6223% -34.79%

7+13.00 35.75 13.62 0.6300% -29.29%

7+63.00 32.31 3.45 0.0130% -1.99%

8+13.00 33.21 0.90 0.0039% -2.71%

8+63.00 28.43 4.78 0.0170% -1.74%

9+13.00 28.49 0.06 0.0003% -2.57%

9+63.00 30.91 2.42 0.0111% -2.96%

10+13.00 36.63 5.72 0.0291% -3.53%

10+63.00 42.65 6.02 0.0309% -3.58%

11+13.00 51.22 8.57 0.0470% -4.01%

11+63.00 52.59 1.37 0.0062% -2.81%

12+13.00 43.15 9.44 0.0282% -1.01%

12+63.00 36.73 6.42 0.0219% -1.51%

13+13.00 37.96 1.23 0.0054% -2.75%

13+63.00 30.43 7.54 0.0192% -0.90%

14+13.00 24.26 6.17 0.1388% 14.27%

14+63.00 24.19 0.07 0.0034% 33.45%

15+13.00 25.09 0.90 0.0450% 33.31%
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Table 8.  Summary of Settlement Calculations Along West-East Cross Section 1

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

3+02.63 17.71 --- --- ---

3+52.63 20.74 3.03 0.1291% -27.74%

4+02.63 24.33 3.59 0.0130% 1.88%

4+52.63 27.70 3.37 0.0114% 1.76%

5+02.63 30.65 2.95 0.0104% 1.87%

5+52.63 32.31 1.66 0.0062% 2.08%

6+02.63 34.27 1.96 0.0069% 1.95%

6+52.63 35.60 1.33 0.0049% 2.12%

7+02.63 36.93 1.32 0.0052% 2.24%

7+52.63 38.62 1.69 0.0065% 2.18%

8+02.63 39.82 1.20 0.0047% 2.26%

8+52.63 39.47 0.36 0.0015% 2.52%

9+02.63 37.97 1.49 0.0084% 3.51%

9+52.63 35.60 2.37 0.0074% 2.06%

10+02.63 34.74 0.86 0.0037% 2.62%

10+52.63 38.25 3.52 0.0127% 1.87%

11+02.63 39.76 1.51 0.0058% 2.19%

11+52.63 43.63 3.87 0.0137% 1.79%

12+02.63 38.17 5.46 0.0263% 3.35%

12+52.63 30.22 7.95 0.2475% 20.02%

13+02.63 32.13 1.91 0.0973% 33.96%

13+52.63 35.26 3.12 0.1586% 33.74%

14+02.63 38.87 3.61 0.1830% 33.68%

14+52.63 43.30 4.43 0.2245% 33.54%
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Table 9.  Summary of Settlement Calculations Along West-East Cross Section 2

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

3+34.00 29.16 --- --- ---

3+84.00 31.33 2.16 0.1017% -31.06%

4+34.00 34.30 2.97 0.0488% -10.20%

4+84.00 36.92 2.62 0.0094% 1.92%

5+34.00 39.08 2.16 0.0082% 2.10%

5+84.00 41.29 2.20 0.0084% 2.09%

6+34.00 43.27 1.98 0.0076% 2.13%

6+84.00 44.87 1.60 0.0062% 2.17%

7+34.00 45.32 0.45 0.0018% 2.39%

7+84.00 48.37 3.06 0.0112% 1.95%

8+34.00 46.21 2.17 0.0096% 2.84%

8+84.00 41.36 4.84 0.0231% 3.27%

9+34.00 38.13 3.24 0.0146% 2.98%

9+84.00 36.63 1.49 0.0064% 2.71%

10+34.00 28.32 8.31 0.0433% 3.82%

10+84.00 23.04 5.28 0.0253% 3.32%

11+34.00 20.09 2.95 0.0132% 2.93%

11+84.00 17.77 2.32 0.0102% 2.83%

12+34.00 16.21 1.56 0.0067% 2.70%

12+84.00 21.52 5.31 0.2423% 29.44%

13+34.00 27.52 6.00 0.3028% 33.28%

13+84.00 33.00 5.48 0.2766% 33.37%

14+34.00 37.99 4.99 0.2524% 33.43%

14+84.00 41.67 3.68 0.1865% 33.67%
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Table 10.  Summary of Settlement Calculations Along West-East Cross Section 3

Station
Max Settlement

(in)

Max.
Differential

Settlement (in)
Max.

Strain (%)

Overall Post
Settlement
Slope (%)

6+57.00 22.76 --- --- ---

7+07.00 30.56 7.80 0.1650% -13.54%

7+57.00 36.69 6.13 0.0181% 1.26%

8+07.00 38.73 2.03 0.0071% 1.92%

8+57.00 42.07 3.34 0.0113% 1.74%

9+07.00 45.00 2.93 0.0096% 1.73%

9+57.00 47.40 2.40 0.0079% 1.78%

10+07.00 48.49 1.09 0.0038% 2.02%

10+57.00 49.07 0.58 0.0021% 2.08%

11+07.00 50.72 1.64 0.0056% 1.93%

11+57.00 46.65 4.06 0.0191% 3.16%

12+07.00 43.21 3.44 0.0157% 3.03%

12+57.00 39.18 4.03 0.0189% 3.15%

13+07.00 35.99 3.19 0.0145% 2.99%

13+57.00 28.91 7.09 0.0362% 3.66%

14+07.00 26.49 2.42 0.0423% 10.80%

14+57.00 29.96 3.47 0.1740% 33.16%

15+07.00 33.75 3.79 0.1919% 33.63%

15+57.00 36.53 2.78 0.1413% 33.82%

As indicated by the results, the magnitude of computed settlements is variable with the highest values
calculated near the center of the landfill and in areas with thicker layers of native soils. At the cross
sections analyzed, which are oriented along a flatter pre settlement slope than the leachate collection
pipes, the pre settlement slope varied from 2.1% to 2.6%. At two 50-ft sections along a total of
approximately 10,000 linear feet of cross section analyzed, the post construction settlement was less
than 1% (0.73% and 0.90%, at Section SN-3, Station 13+50, and at Section SN-4, Station 13+63).
However, the pre-settlement slope of the actual leachate collection pipe at these areas varies from 2.7%
to 3%. Accordingly, the post settlement slope of the leachate collection pipe in the vicinity of these
locations is by observation at least 1%.  All other locations analyzed in the vicinity of the proposed
leachate collection pipes demonstrated a post settlement slope of at least 1%.



Job Scepter Waverly Landfill-East Phase Project No. 60398526 Sheet 18 of 18
Description Settlement Analysis (Rev 3) Computed by SD Date 04/15/18

Checked by NC/MW Date 04/15/18

In addition, the greatest magnitude of total settlement was 57.97 inches, or 4.83 feet, and was
calculated at Station 7+50 along cross section SN-3. The post settlement slope from this location, which
is near the center of the cell, to the sump, where no settlement was assumed, was 2.0%. A sample
calculation showing the settlement calculation procedure and post settlement slope calculation at this
location is provided in Attachment E.

The maximum differential settlement between points along a station was calculated to be 13.62 inches
at Station 7+13 along cross section SN-4. This differential settlement resulted in a maximum strain of
0.63%.

X. CONCLUSIONS

Given the assumptions and scenarios discussed in the preceding sections, the settlement analysis shows
that the post settlement slope near the proposed leachate collection pipes will be at least 1% post
settlement, indicating positive drainage and collection of leachate.

In addition, the post settlement slope from the location of greatest settlement to the sump (assuming
no settlement at the sump) was still 2%, indicating positive drainage along the cell floor will be
maintained.   The maximum differential settlement between any two points is within the expected strain
tolerances for HDPE and GCL components.
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XII. ATTACHMENTS

Attachment A: Plan View
Attachment B: Cross Sections SN 1 – SN 4
Attachment C: Cross Sections WE 1 – WE 3
Attachment D: Settlement Spreadsheet Calculations
Attachment E: Settlement Example Calculation at Station 7+50, Cross Section SN-3
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XSEC SN 1
Vertical stress

after excavation
Cross

Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb (ft)
5+33.82 574.78 459.42 115.36 57.68 483.95 0.00 6921.60 682.08 574.78 107.30
5+83.82 557.76 461.78 95.98 47.99 482.41 0.00 5758.80 682.08 557.76 124.32
6+33.82 540.67 455.37 85.30 42.65 480.88 0.00 5118.00 682.08 540.67 141.41
6+83.82 523.54 429.04 94.50 47.25 479.33 189.70 5480.30 682.08 523.51 158.57
7+33.82 506.42 418.08 88.34 44.17 477.77 968.45 4331.95 682.08 506.42 175.66
7+83.82 489.29 433.55 55.74 27.87 476.21 922.90 2421.50 682.08 489.29 192.79
8+33.82 484.65 434.60 50.05 25.03 474.65 937.56 2065.44 682.08 484.65 197.43
8+83.82 483.09 429.24 53.85 26.93 473.09 1056.12 2174.88 682.08 483.09 198.99
9+33.82 481.54 430.78 50.76 25.38 471.54 959.71 2085.89 682.08 481.54 200.54
9+83.82 479.98 426.89 53.09 26.55 469.98 1032.41 2152.99 682.08 479.98 202.10

10+33.82 478.41 421.53 56.88 28.44 468.41 1150.66 2262.14 682.08 478.41 203.67
10+83.82 476.84 412.99 63.85 31.93 466.84 1368.12 2462.88 682.08 476.84 205.24
11+33.82 475.27 400.11 75.16 37.58 465.27 1720.99 2788.61 682.08 475.27 206.81
11+83.82 473.70 385.39 88.31 44.16 463.70 2131.27 3167.33 682.08 473.70 208.38
12+33.82 472.13 365.32 106.81 53.41 462.13 2708.47 3700.13 682.08 472.13 209.95
12+83.82 470.56 368.24 102.32 51.16 460.56 2568.38 3570.82 682.08 470.56 211.52
13+33.82 469.12 374.71 94.41 47.21 459.12 2321.59 3343.01 682.08 469.12 212.96
13+83.82 467.79 386.79 81.00 40.50 457.79 1903.20 2956.80 682.08 467.79 214.29
14+33.82 466.46 392.85 73.61 36.81 456.45 1672.01 2744.59 682.08 466.46 215.62
14+83.82 465.12 398.29 66.83 33.42 455.11 1460.47 2549.33 682.08 465.12 216.96
15+33.82 473.72 403.23 70.49 35.25 453.83 958.15 3271.25 682.08 473.72 208.36
15+83.82 488.91 402.27 86.64 43.32 452.55 434.30 4764.10 682.08 488.91 193.17
16+33.82 503.03 391.33 111.70 55.85 451.25 253.97 6448.03 682.08 503.03 179.05

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Groundwater Embankment Fill - Waste



XSEC SN 1

Cross
Section
Station
5+33.82
5+83.82
6+33.82
6+83.82
7+33.82
7+83.82
8+33.82
8+83.82
9+33.82
9+83.82

10+33.82
10+83.82
11+33.82
11+83.82
12+33.82
12+83.82
13+33.82
13+83.82
14+33.82
14+83.82
15+33.82
15+83.82
16+33.82

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf) Ds' (psf)

5+33.82 9+14.45 9+80.59 13+72.05 446.77 391.46 380.63 --- 0.06 1.44 1.42 --- --- --- 5899.33 -5336.47 --- 562.86
4+73.44 9+14.45 9+80.59 14+34.16 396.77 453.57 330.63 110.38 0.06 1.45 1.43 1.16 93.20 31.12 6835.86 -4655.62 1264.72 3444.96
4+12.81 9+14.45 9+80.59 14+96.51 346.77 515.92 280.63 221.01 0.07 1.45 1.42 1.38 79.11 62.30 7775.84 -3933.27 3010.65 6853.22
3+51.92 9+14.45 9+80.59 15+59.04 296.77 578.45 230.63 331.90 0.10 1.41 1.37 1.43 64.99 93.58 8718.01 -3114.61 4683.55 10286.95
2+91.30 9+14.45 9+80.59 16+21.48 246.77 640.89 180.63 442.52 0.13 1.39 1.33 1.47 50.92 124.74 9657.21 -2373.01 6426.18 13710.38
2+30.55 9+14.45 9+80.59 16+83.97 196.77 703.38 130.63 553.27 0.11 1.43 1.36 1.52 36.82 155.97 10601.77 -1754.11 8303.49 17151.15
2+14.08 9+14.45 9+80.59 17+00.90 146.77 720.31 80.63 619.74 0.14 1.40 1.27 1.53 22.73 174.70 10856.43 -1010.64 9361.63 19207.42
2+08.56 9+14.45 9+80.59 17+06.57 96.77 725.98 30.63 675.26 0.24 1.30 0.85 1.53 8.63 190.36 10938.17 -256.75 10204.17 20885.59
2+03.04 9+14.45 9+80.59 17+12.25 46.77 731.66 19.37 711.41 0.46 1.07 0.88 0.65 --- --- 11009.38 10954.98 --- 21964.35
1+97.52 9+14.45 9+80.59 17+17.93 69.37 716.93 3.23 734.11 0.33 1.21 0.12 1.53 0.89 201.21 11103.83 -3.77 10811.91 21911.97
1+91.96 9+14.45 9+80.59 17+23.65 119.37 722.49 53.23 689.83 0.20 1.34 1.08 1.53 14.59 189.08 11196.82 -551.77 10126.61 20771.65
1+86.39 9+14.45 9+80.59 17+29.38 169.37 728.06 103.23 645.56 0.15 1.38 1.27 1.52 28.29 176.95 11284.68 -1258.85 9426.10 19451.93
1+80.82 9+14.45 9+80.59 17+35.11 219.37 733.63 153.23 601.29 0.13 1.40 1.33 1.51 42.00 164.81 11371.18 -1956.32 8704.36 18119.22
1+75.24 9+14.45 9+80.59 17+40.85 269.37 739.21 203.23 557.03 0.12 1.41 1.36 1.49 55.70 152.68 11457.34 -2646.25 7974.52 16785.60
1+69.67 9+14.45 9+80.59 17+46.58 319.37 744.78 253.23 512.76 0.12 1.41 1.36 1.47 69.41 140.54 11542.86 -3312.41 7219.02 15449.47
1+64.08 9+14.45 9+80.59 17+52.32 369.37 750.37 303.23 468.50 0.09 1.43 1.40 1.46 83.11 128.41 11630.76 -4084.66 6573.51 14119.61
1+58.99 9+14.45 9+80.59 17+57.55 419.37 755.46 353.23 423.73 0.07 1.46 1.44 1.46 96.82 116.14 11711.10 -4874.73 5936.53 12772.90
1+54.27 9+14.45 9+80.59 17+62.42 469.37 760.18 403.23 378.60 0.05 1.48 1.47 1.46 110.52 103.77 11785.11 -5691.22 5320.15 11414.03
1+49.56 9+14.45 9+80.59 17+67.26 519.37 764.89 453.23 333.44 0.04 1.50 1.49 1.46 124.23 91.39 11858.59 -6480.19 4674.67 10053.07
1+44.81 9+14.45 9+80.59 17+72.14 569.37 769.64 503.23 288.32 0.03 1.51 1.50 1.46 137.93 79.03 11932.49 -7265.94 4027.37 8693.93
1+75.29 9+14.45 9+80.59 17+40.79 619.37 739.16 553.23 206.97 0.03 1.51 1.51 1.40 151.64 56.72 11459.50 -8002.40 2784.62 6241.72
2+29.21 9+14.45 9+80.59 16+85.34 669.37 685.24 603.23 101.52 0.03 1.51 1.50 1.17 165.34 27.83 10623.90 -8678.67 1137.64 3082.87
2+79.30 9+14.45 9+80.59 16+33.82 719.37 635.15 653.23 --- 0.04 1.49 1.49 --- --- --- 9846.96 -9313.04 --- 533.92

Embankment Load - Vertical stress increase



XSEC SN 1

Cross
Section
Station
5+33.82
5+83.82
6+33.82
6+83.82
7+33.82
7+83.82
8+33.82
8+83.82
9+33.82
9+83.82

10+33.82
10+83.82
11+33.82
11+83.82
12+33.82
12+83.82
13+33.82
13+83.82
14+33.82
14+83.82
15+33.82
15+83.82
16+33.82

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated

clays
original distance

between
final distance between

(overconsolidated clays)
overconsolidated

clays
Slope at top of

native soil
overconsolidated

clays

27.26 --- 572.51 --- --- --- --- ---
29.09 1.83 555.34 52.82 52.87 0.0936% -34.04% -34.35%
32.56 3.47 537.96 52.84 52.93 0.1781% -34.18% -34.76%
42.85 10.30 519.97 52.85 53.14 0.5379% -34.26% -35.98%
44.47 1.61 502.71 52.85 52.89 0.0826% -34.24% -34.51%
31.08 13.39 486.70 52.85 52.50 0.6640% -34.26% -32.03%
29.49 1.59 482.19 50.21 50.20 0.0241% -9.28% -9.01%
32.77 3.28 480.36 50.02 50.03 0.0185% -3.12% -3.67%
31.59 1.18 478.91 50.02 50.02 0.0059% -3.10% -2.90%
32.95 1.37 477.23 50.02 50.03 0.0074% -3.12% -3.35%
34.47 1.51 475.54 50.02 50.03 0.0082% -3.14% -3.39%
37.52 3.05 473.71 50.02 50.03 0.0173% -3.14% -3.65%
42.69 5.16 471.71 50.02 50.04 0.0307% -3.14% -4.00%
48.41 5.72 469.67 50.02 50.04 0.0344% -3.14% -4.09%
56.43 8.03 467.43 50.02 50.05 0.0509% -3.14% -4.48%
52.03 4.40 466.22 50.02 50.01 0.0203% -3.14% -2.41%
45.94 6.10 465.29 50.02 50.01 0.0241% -2.88% -1.86%
37.41 8.53 464.67 50.02 50.00 0.0277% -2.66% -1.24%
31.96 5.45 463.80 50.02 50.01 0.0200% -2.66% -1.75%
26.91 5.05 462.88 50.02 50.01 0.0190% -2.68% -1.84%
24.19 2.72 471.70 50.73 50.77 0.0767% 17.20% 17.65%
23.37 0.82 486.96 52.26 52.28 0.0381% 30.38% 30.52%
24.70 1.33 500.97 51.96 51.93 0.0576% 28.24% 28.02%

Post settlement
slope

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain



XSEC SN 2
Vertical stress

after excavation
Cross

Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Top of grade break
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb1 (ft)

Assumed
embankment

height, Hemb2 (ft)
4+46.42 533.62 409.52 124.10 62.05 472.31 46.18 7399.82 564.36 --- 533.62 30.74 ---
4+96.42 516.32 409.39 106.93 53.47 471.02 509.50 5906.30 564.36 --- 516.32 48.04 ---
5+46.42 499.13 406.06 93.07 46.54 469.72 1068.60 4515.60 564.36 514.82 499.13 49.54 15.69
5+96.42 482.15 394.18 87.97 43.99 468.46 1890.41 3387.79 564.36 514.82 482.15 49.54 32.67
6+46.42 477.18 379.59 97.59 48.80 467.18 2420.81 3434.59 564.36 514.82 477.18 49.54 37.64
6+96.42 475.9 361.98 113.92 56.96 465.90 2930.30 3904.90 564.36 514.82 475.90 49.54 38.92
7+46.42 474.61 349.52 125.09 62.55 464.61 3278.81 4226.59 564.36 514.82 474.61 49.54 40.21
7+96.42 473.33 366.17 107.16 53.58 463.33 2719.39 3710.21 564.36 514.82 473.33 49.54 41.49
8+46.42 472.05 379.2 92.85 46.43 462.05 2272.92 3298.08 564.36 514.82 472.05 49.54 42.77
8+96.42 470.76 387.86 82.90 41.45 460.76 1962.48 3011.52 564.36 514.82 470.76 49.54 44.06
9+46.42 469.51 390.4 79.11 39.56 459.52 1844.86 2901.74 564.36 514.82 469.51 49.54 45.31
9+96.42 468.32 389.66 78.66 39.33 458.34 1831.44 2888.16 564.36 514.82 468.32 49.54 46.50

10+46.42 467.17 382.85 84.32 42.16 457.16 2006.16 3053.04 564.36 514.82 467.17 49.54 47.65
10+96.42 465.99 370.9 95.09 47.55 455.98 2342.18 3363.22 564.36 514.82 465.99 49.54 48.83
11+46.42 464.88 346.76 118.12 59.06 454.88 3061.34 4025.86 564.36 514.82 464.88 49.54 49.94
11+96.42 463.74 339.62 124.12 62.06 453.74 3248.54 4198.66 564.36 514.82 463.74 49.54 51.08
12+46.42 462.65 354.51 108.14 54.07 452.65 2749.97 3738.43 564.36 514.82 462.65 49.54 52.17
12+96.42 461.57 366.78 94.79 47.40 451.57 2333.45 3353.95 564.36 514.82 461.57 49.54 53.25
13+46.42 460.49 378.9 81.59 40.80 450.49 1921.61 2973.79 564.36 514.82 460.49 49.54 54.33
13+96.42 459.38 385.61 73.77 36.89 449.38 1677.62 2748.58 564.36 514.82 459.38 49.54 55.44
14+46.42 465.07 385.15 79.92 39.96 448.23 1442.69 3352.51 564.36 514.82 465.07 49.54 49.75
14+96.42 482.17 379.99 102.18 51.09 447.08 998.40 5132.40 564.36 514.82 482.17 49.54 32.65

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Embankment Fill - WasteFoundation Soil Groundwater



XSEC SN 2

Cross
Section
Station
4+46.42
4+96.42
5+46.42
5+96.42
6+46.42
6+96.42
7+46.42
7+96.42
8+46.42
8+96.42
9+46.42
9+96.42

10+46.42
10+96.42
11+46.42
11+96.42
12+46.42
12+96.42
13+46.42
13+96.42
14+46.42
14+96.42

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft)
Ds'z1

(psf)
Ds'z2

(psf)
Ds'z3

(psf)

4+46.42 5+79.51 8+46.42 9+76.54 400.00 130.12 133.09 --- 0.04 1.42 1.13 --- --- --- 1688.97 -1221.13 ---
3+71.49 5+79.51 8+46.42 10+50.66 350.00 204.24 83.09 124.93 0.06 1.42 1.00 1.17 19.19 28.85 2640.18 -671.27 1178.27
3+65.00 5+79.51 8+46.42 10+57.08 300.00 210.66 33.09 181.42 0.06 1.42 0.62 1.32 7.64 41.90 2722.73 -165.35 1936.13
3+65.00 5+79.51 8+46.42 10+57.08 250.00 210.66 16.91 214.51 0.08 1.40 1.02 0.37 --- --- 2722.13 2537.82 ---
3+65.00 5+79.51 8+46.42 10+57.08 200.00 210.66 66.91 214.51 0.12 1.33 0.46 0.94 --- --- 2718.88 2674.93 ---
3+65.00 5+79.51 8+46.42 10+57.08 150.00 210.66 116.91 214.51 0.21 1.21 0.28 1.12 --- --- 2707.77 2697.16 ---
3+65.00 5+79.51 8+46.42 10+57.08 100.00 210.66 166.91 214.51 0.36 1.01 0.20 1.21 --- --- 2676.71 2707.30 ---
3+65.00 5+79.51 8+46.42 10+57.08 50.00 210.66 216.91 214.51 0.62 0.75 0.12 1.33 --- --- 2627.15 2718.40 ---
3+65.00 5+79.51 8+46.42 10+57.08 266.91 214.51 210.66 --- 0.08 1.40 1.35 --- --- --- 2722.14 2348.45 ---
3+65.00 5+79.51 8+46.42 10+57.08 316.91 214.51 50.00 160.66 0.05 1.44 0.88 1.32 11.76 37.78 2723.49 -361.79 1743.90
3+65.00 5+79.51 8+46.42 10+57.08 366.91 214.51 100.00 110.66 0.04 1.46 1.19 1.23 23.51 26.03 2723.96 -982.99 1118.77
3+65.00 5+79.51 8+46.42 10+57.08 416.91 214.51 150.00 60.66 0.03 1.48 1.31 1.00 35.27 14.27 2724.17 -1623.18 497.44
3+65.00 5+79.51 8+46.42 10+57.08 466.91 214.51 200.00 10.66 0.03 1.48 1.36 0.25 47.03 2.51 2724.21 -2244.53 21.77
3+65.00 5+79.51 8+46.42 10+57.08 516.91 214.51 39.34 210.66 0.03 1.48 0.69 0.69 --- --- 2724.16 -2622.74 ---
3+65.00 5+79.51 8+46.42 10+57.08 566.91 214.51 89.34 210.66 0.03 1.47 0.39 0.99 --- --- 2723.89 -2674.23 ---
3+65.00 5+79.51 8+46.42 10+57.08 616.91 214.51 139.34 210.66 0.03 1.47 0.24 1.15 --- --- 2723.95 -2699.69 ---
3+65.00 5+79.51 8+46.42 10+57.08 666.91 214.51 189.34 210.66 0.02 1.49 0.14 1.29 --- --- 2724.29 -2715.84 ---
3+65.00 5+79.51 8+46.42 10+57.08 716.91 214.51 239.34 210.66 0.02 1.50 0.09 1.38 --- --- 2724.47 -2721.15 ---
3+65.00 5+79.51 8+46.42 10+57.08 766.91 214.51 289.34 210.66 0.01 1.52 0.06 1.43 --- --- 2724.58 -2723.24 ---
3+65.00 5+79.51 8+46.42 10+57.08 816.91 214.51 339.34 210.66 0.01 1.53 0.04 1.46 --- --- 2724.62 -2723.97 ---
3+65.00 5+79.51 8+46.42 10+57.08 866.91 214.51 389.34 210.66 0.01 1.52 0.04 1.47 --- --- 2724.62 -2724.04 ---
3+65.00 5+79.51 8+46.42 10+57.08 916.91 214.51 439.34 210.66 0.01 1.52 0.04 1.46 --- --- 2724.55 -2723.68 ---

Embankment 1 Load - Vertical stress increase



XSEC SN 2

Cross
Section
Station
4+46.42
4+96.42
5+46.42
5+96.42
6+46.42
6+96.42
7+46.42
7+96.42
8+46.42
8+96.42
9+46.42
9+96.42

10+46.42
10+96.42
11+46.42
11+96.42
12+46.42
12+96.42
13+46.42
13+96.42
14+46.42
14+96.42

Total vertical
stress increase

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft)
Ds'z1

(psf)
Ds'z2

(psf)
Ds'z3

(psf)
Ds' (psf)

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 467.83
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3147.18

2+97.04 3+65.00 13+91.93 14+54.89 845.51 62.96 181.42 67.96 0.00 1.52 0.07 1.32 --- --- 862.90 859.29 --- 6215.68
2+23.58 3+65.00 13+91.93 15+22.94 795.51 131.01 231.42 141.42 0.01 1.52 0.07 1.38 --- --- 1796.75 1794.29 --- 8850.98
2+01.98 3+65.00 13+91.93 15+42.95 745.51 151.02 281.42 163.02 0.01 1.51 0.06 1.40 --- --- 2070.01 2067.89 --- 9531.71
1+96.43 3+65.00 13+91.93 15+48.09 695.51 156.16 331.42 168.57 0.01 1.49 0.06 1.40 --- --- 2140.23 2138.12 --- 9683.28
1+90.87 3+65.00 13+91.93 15+53.24 645.51 161.31 381.42 174.13 0.02 1.47 0.05 1.41 --- --- 2210.94 2209.21 --- 9804.17
1+85.32 3+65.00 13+91.93 15+58.38 595.51 166.45 431.42 179.68 0.02 1.48 0.04 1.45 --- --- 2281.46 2280.85 --- 9907.87
1+79.76 3+65.00 13+91.93 15+63.54 545.51 171.61 481.42 185.24 0.02 1.49 0.03 1.47 --- --- 2351.94 2351.80 --- 9774.32
1+74.19 3+65.00 13+91.93 15+68.69 495.51 176.76 531.42 190.81 0.02 1.49 0.02 1.49 --- --- 2422.92 2422.99 --- 8951.50
1+68.79 3+65.00 13+91.93 15+73.70 445.51 181.77 581.42 196.21 0.03 1.48 0.02 1.50 --- --- 2491.60 2491.83 --- 7843.18
1+63.64 3+65.00 13+91.93 15+78.47 395.51 186.54 631.42 201.36 0.03 1.47 0.02 1.51 --- --- 2556.90 2557.33 --- 6712.66
1+58.63 3+65.00 13+91.93 15+83.11 345.51 191.18 681.42 206.37 0.04 1.45 0.01 1.51 --- --- 2619.69 2620.57 --- 5741.71
1+53.54 3+65.00 13+91.93 15+87.83 295.51 195.90 731.42 211.46 0.06 1.41 0.01 1.51 --- --- 2683.41 2685.44 --- 5470.27
1+48.74 3+65.00 13+91.93 15+92.27 245.51 200.34 781.42 216.26 0.10 1.33 0.02 1.50 --- --- 2740.07 2746.35 --- 5536.08
1+43.77 3+65.00 13+91.93 15+96.87 195.51 204.94 831.42 221.23 0.15 1.26 0.02 1.50 --- --- 2796.51 2809.05 --- 5629.81
1+39.05 3+65.00 13+91.93 16+01.25 145.51 209.32 881.42 225.95 0.20 1.22 0.01 1.51 --- --- 2852.87 2869.15 --- 5730.48
1+34.39 3+65.00 13+91.93 16+05.57 95.51 213.64 931.42 230.61 0.31 1.11 0.01 1.52 --- --- 2902.27 2928.63 --- 5834.23
1+29.69 3+65.00 13+91.93 16+09.92 45.51 217.99 981.42 235.31 0.58 0.84 0.01 1.53 --- --- 2925.20 2988.08 --- 5914.62
1+24.90 3+65.00 13+91.93 16+14.36 1031.42 240.10 4.49 217.94 0.01 1.54 0.12 1.40 1.12 54.32 3049.16 -4.75 2668.73 5713.79
2+49.38 3+65.00 13+91.93 15+91.53 1081.42 115.62 54.49 145.11 0.00 1.53 0.94 1.30 13.58 36.17 2736.20 -446.03 1649.03 3939.78
2+23.58 3+65.00 13+91.93 15+22.94 1131.42 141.42 104.49 26.52 0.01 1.53 1.12 0.48 26.05 6.60 1795.69 -1017.95 110.65 889.26

Embankment 2 Load - Vertical stress increase



XSEC SN 2

Cross
Section
Station
4+46.42
4+96.42
5+46.42
5+96.42
6+46.42
6+96.42
7+46.42
7+96.42
8+46.42
8+96.42
9+46.42
9+96.42

10+46.42
10+96.42
11+46.42
11+96.42
12+46.42
12+96.42
13+46.42
13+96.42
14+46.42
14+96.42

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated

clays
original distance

between
final distance between (normally

consolidated clays)
final distance between

(overconsolidated clays)
overconsolidated

clays
Slope at top of

native soil
overconsolidated

clays

30.57 --- 531.07 --- --- --- --- --- ---
31.78 1.21 513.67 52.91 53.20 52.94 0.0625% -34.60% -34.80%
33.37 1.59 496.35 52.87 53.14 52.92 0.0818% -34.38% -34.65%
36.10 2.73 479.14 52.80 53.05 52.88 0.1394% -33.96% -34.41%
41.52 5.42 473.72 50.25 50.29 50.29 0.0929% -9.94% -10.84%
49.13 7.61 471.81 50.02 50.02 50.04 0.0405% -2.56% -3.83%
54.51 5.37 470.07 50.02 50.02 50.03 0.0271% -2.58% -3.48%
46.58 7.92 469.45 50.02 50.01 50.00 0.0251% -2.56% -1.24%
39.92 6.66 468.72 50.02 50.01 50.01 0.0222% -2.56% -1.45%
34.04 5.88 467.92 50.02 50.01 50.01 0.0205% -2.58% -1.60%
30.31 3.73 466.98 50.02 50.01 50.01 0.0136% -2.50% -1.88%
27.73 2.58 466.01 50.01 50.01 50.01 0.0093% -2.38% -1.95%
27.44 0.29 464.88 50.01 50.01 50.01 0.0011% -2.30% -2.25%
30.56 3.11 463.44 50.01 50.02 50.02 0.0136% -2.36% -2.88%
39.36 8.80 461.60 50.01 50.02 50.03 0.0433% -2.22% -3.69%
42.01 2.65 460.24 50.01 50.01 50.02 0.0110% -2.28% -2.72%
36.18 5.83 459.63 50.01 50.01 50.00 0.0164% -2.18% -1.21%
31.50 4.69 458.95 50.01 50.01 50.00 0.0138% -2.16% -1.38%
26.91 4.59 458.25 50.01 50.01 50.00 0.0136% -2.16% -1.39%
23.65 3.25 457.41 50.01 50.01 50.01 0.0106% -2.22% -1.68%
21.49 2.16 463.28 50.32 50.38 50.34 0.0411% 11.38% 11.74%
19.73 1.77 480.53 52.84 53.19 52.89 0.0905% 34.20% 34.49%

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain
Post settlement

slope



XSEC SN 3
Vertical stress

after excavation
Cross

Section
Station

Top of ground
elevation (ft)

Approximate top
of rock elevation

(ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Top of grade break
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb1 (ft)

Assumed
embankment

height, Hemb2 (ft)
4+50.00 550.46 427.63 122.83 61.42 477.13 0.00 7369.80 613.71 562.29 550.46 51.42 11.83
5+00.00 534.09 429.4 104.69 52.35 475.85 0.00 6281.40 613.71 562.29 534.09 51.42 28.20
5+50.00 517.73 424.87 92.86 46.43 474.56 203.42 5368.18 613.71 562.29 517.73 51.42 44.56
6+00.00 501.37 415.14 86.23 43.12 473.28 937.56 4236.24 613.71 562.29 501.37 51.42 60.92
6+50.00 485 401.25 83.75 41.88 472.00 1801.80 3223.20 613.71 562.29 485.00 51.42 77.29
7+00.00 480.72 380.37 100.35 50.18 470.72 2506.92 3514.08 613.71 562.29 480.72 51.42 81.57
7+50.00 479.44 366.22 113.22 56.61 469.44 2908.46 3884.74 613.71 562.29 479.44 51.42 82.85
8+00.00 478.16 376.77 101.39 50.70 468.16 2539.37 3544.03 613.71 562.29 478.16 51.42 84.13
8+50.00 476.87 389.22 87.65 43.83 466.87 2110.68 3148.32 613.71 562.29 476.87 51.42 85.42
9+00.00 475.59 400.87 74.72 37.36 465.59 1707.26 2775.94 613.71 562.29 475.59 51.42 86.70
9+50.00 474.3 400.45 73.85 36.93 464.30 1680.12 2750.88 613.71 562.29 474.30 51.42 87.99

10+00.00 473.02 386.76 86.26 43.13 463.02 2067.31 3108.29 613.71 562.29 473.02 51.42 89.27
10+50.00 471.73 380.88 90.85 45.43 461.73 2210.52 3240.48 613.71 562.29 471.73 51.42 90.56
11+00.00 470.44 373.19 97.25 48.63 460.44 2410.20 3424.80 613.71 562.29 470.44 51.42 91.85
11+50.00 469.25 355.49 113.76 56.88 459.25 2925.31 3900.29 613.71 562.29 469.25 51.42 93.04
12+00.00 468.11 359.09 109.02 54.51 458.11 2777.42 3763.78 613.71 562.29 468.11 51.42 94.18
12+50.00 467.03 367.48 99.55 49.78 457.03 2481.96 3491.04 613.71 562.29 467.03 51.42 95.26
13+00.00 465.91 373.15 92.76 46.38 455.91 2270.11 3295.49 613.71 562.29 465.91 51.42 96.38
13+50.00 464.85 387.4 77.45 38.73 454.85 1792.44 2854.56 613.71 562.29 464.85 51.42 97.44
14+00.00 463.78 396.13 67.65 33.83 453.78 1486.68 2572.32 613.71 562.29 463.78 51.42 98.51
14+50.00 476.7 402.51 74.19 37.10 452.72 818.38 3633.02 613.71 562.29 476.70 51.42 85.59
15+00.00 493.47 399.2 94.27 47.14 451.70 334.78 5321.42 613.71 562.29 493.47 51.42 68.82

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Groundwater Embankment Fill - Waste



XSEC SN 3

Cross
Section
Station
4+50.00
5+00.00
5+50.00
6+00.00
6+50.00
7+00.00
7+50.00
8+00.00
8+50.00
9+00.00
9+50.00

10+00.00
10+50.00
11+00.00
11+50.00
12+00.00
12+50.00
13+00.00
13+50.00
14+00.00
14+50.00
15+00.00

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf)

4+91.99 6+75.78 7+46.82 10+57.27 296.82 310.45 41.99 183.79 0.10 1.37 0.71 0.60 --- --- 2824.35 -2640.13 ---
4+91.99 6+75.78 7+46.82 10+57.27 246.82 310.45 175.78 8.01 0.12 1.36 1.28 0.15 49.18 2.24 2824.56 -2206.51 11.91
4+91.99 6+75.78 7+46.82 10+57.27 196.82 310.45 125.78 58.01 0.14 1.34 1.22 0.90 35.19 16.23 2824.01 -1499.74 509.08
4+91.99 6+75.78 7+46.82 10+57.27 146.82 310.45 75.78 108.01 0.19 1.29 1.05 1.19 21.20 30.22 2822.00 -782.03 1260.23
4+91.99 6+75.78 7+46.82 10+57.27 96.82 310.45 25.78 158.01 0.31 1.16 0.55 1.31 7.21 44.21 2815.31 -139.31 2030.53
4+91.99 6+75.78 7+46.82 10+57.27 46.82 310.45 24.22 183.79 0.68 0.75 0.88 0.45 --- --- 2761.65 2611.78 ---
4+91.99 6+75.78 7+46.82 10+57.27 74.22 183.79 3.18 307.27 0.44 0.92 0.06 1.39 0.53 50.89 2755.95 -1.04 2474.31
4+91.99 6+75.78 7+46.82 10+57.27 124.22 183.79 53.18 257.27 0.22 1.18 0.81 1.38 8.81 42.61 2807.41 -249.65 2053.28
4+91.99 6+75.78 7+46.82 10+57.27 174.22 183.79 103.18 207.27 0.12 1.32 1.17 1.36 17.09 34.33 2821.50 -699.60 1637.68
4+91.99 6+75.78 7+46.82 10+57.27 224.22 183.79 153.18 157.27 0.07 1.41 1.33 1.34 25.37 26.05 2825.79 -1182.84 1220.02
4+91.99 6+75.78 7+46.82 10+57.27 274.22 183.79 203.18 107.27 0.05 1.44 1.39 1.24 33.65 17.77 2826.72 -1638.94 771.08
4+91.99 6+75.78 7+46.82 10+57.27 324.22 183.79 253.18 57.27 0.05 1.44 1.40 0.93 41.94 9.48 2826.64 -2058.92 307.14
4+91.99 6+75.78 7+46.82 10+57.27 374.22 183.79 303.18 7.27 0.04 1.45 1.42 0.16 50.22 1.20 2826.91 -2500.59 6.67
4+91.99 6+75.78 7+46.82 10+57.27 424.22 183.79 42.73 310.45 0.03 1.46 0.71 0.72 --- --- 2827.04 -2758.46 ---
4+91.99 6+75.78 7+46.82 10+57.27 474.22 183.79 92.73 310.45 0.03 1.45 0.41 1.02 --- --- 2826.83 -2796.28 ---
4+91.99 6+75.78 7+46.82 10+57.27 524.22 183.79 142.73 310.45 0.03 1.47 0.25 1.21 --- --- 2827.24 -2815.46 ---
4+91.99 6+75.78 7+46.82 10+57.27 574.22 183.79 192.73 310.45 0.02 1.48 0.15 1.32 --- --- 2827.58 -2822.86 ---
4+91.99 6+75.78 7+46.82 10+57.27 624.22 183.79 242.73 310.45 0.02 1.50 0.11 1.38 --- --- 2827.76 -2825.52 ---
4+91.99 6+75.78 7+46.82 10+57.27 674.22 183.79 292.73 310.45 0.01 1.51 0.07 1.44 --- --- 2827.94 -2827.11 ---
4+91.99 6+75.78 7+46.82 10+57.27 724.22 183.79 342.73 310.45 0.01 1.52 0.05 1.47 --- --- 2828.01 -2827.64 ---
4+91.99 6+75.78 7+46.82 10+57.27 774.22 183.79 392.73 310.45 0.01 1.52 0.04 1.48 --- --- 2828.00 -2827.66 ---
4+91.99 6+75.78 7+46.82 10+57.27 824.22 183.79 442.73 310.45 0.01 1.51 0.04 1.46 --- --- 2827.93 -2827.43 ---

Embankment 1 Load - Vertical stress increase



XSEC SN 3

Cross
Section
Station
4+50.00
5+00.00
5+50.00
6+00.00
6+50.00
7+00.00
7+50.00
8+00.00
8+50.00
9+00.00
9+50.00

10+00.00
10+50.00
11+00.00
11+50.00
12+00.00
12+50.00
13+00.00
13+50.00
14+00.00
14+50.00
15+00.00

Total vertical
stress increase

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf) Ds' (psf)

4+49.71 4+91.99 13+05.87 13+50.17 855.87 44.30 41.99 0.29 0.00 1.50 0.60 0.00 11.75 0.08 650.56 -246.73 0.01 588.06
3+91.22 4+91.99 13+05.87 14+11.44 805.87 105.57 8.01 100.77 0.01 1.51 0.97 0.15 --- --- 1550.85 1184.32 --- 3365.13
3+32.73 4+91.99 13+05.87 14+72.72 755.87 166.85 58.01 159.26 0.01 1.51 0.46 0.90 --- --- 2450.62 2386.27 --- 6670.24
2+74.25 4+91.99 13+05.87 15+33.99 705.87 228.12 108.01 217.74 0.01 1.51 0.25 1.19 --- --- 3350.39 3332.53 --- 9983.12
2+15.76 4+91.99 13+05.87 15+95.27 655.87 289.40 158.01 276.23 0.02 1.51 0.16 1.31 --- --- 4250.68 4243.00 --- 13200.20
2+00.45 4+91.99 13+05.87 16+11.30 605.87 305.43 208.01 291.54 0.03 1.49 0.14 1.33 --- --- 4485.76 4478.78 --- 14337.97
1+95.88 4+91.99 13+05.87 16+16.10 555.87 310.23 258.01 296.11 0.04 1.47 0.11 1.35 --- --- 4555.68 4550.02 --- 14334.92
1+91.29 4+91.99 13+05.87 16+20.90 505.87 315.03 308.01 300.70 0.04 1.47 0.08 1.41 --- --- 4626.17 4623.88 --- 13861.09
1+86.70 4+91.99 13+05.87 16+25.71 455.87 319.84 358.01 305.29 0.04 1.47 0.06 1.45 --- --- 4697.28 4696.60 --- 13153.45
1+82.11 4+91.99 13+05.87 16+30.52 405.87 324.65 408.01 309.88 0.04 1.48 0.04 1.48 --- --- 4767.82 4767.81 --- 12398.59
1+77.51 4+91.99 13+05.87 16+35.34 355.87 329.47 458.01 314.48 0.05 1.47 0.03 1.49 --- --- 4838.55 4838.94 --- 11636.36
1+72.92 4+91.99 13+05.87 16+40.15 305.87 334.28 508.01 319.07 0.07 1.43 0.03 1.49 --- --- 4907.82 4909.22 --- 10891.91
1+68.31 4+91.99 13+05.87 16+44.98 255.87 339.11 558.01 323.68 0.10 1.40 0.03 1.49 --- --- 4977.24 4980.21 --- 10290.45
1+63.70 4+91.99 13+05.87 16+49.81 205.87 343.94 608.01 328.29 0.14 1.34 0.03 1.49 --- --- 5044.75 5051.17 --- 10164.49
1+59.45 4+91.99 13+05.87 16+54.26 155.87 348.39 658.01 332.54 0.24 1.22 0.03 1.48 --- --- 5097.55 5116.43 --- 10244.53
1+55.39 4+91.99 13+05.87 16+58.52 105.87 352.65 708.01 336.60 0.36 1.10 0.02 1.49 --- --- 5143.28 5179.33 --- 10334.39
1+51.51 4+91.99 13+05.87 16+62.58 55.87 356.71 758.01 340.48 0.61 0.84 0.02 1.51 --- --- 5156.31 5238.93 --- 10399.97
1+47.51 4+91.99 13+05.87 16+66.77 5.87 360.90 808.01 344.48 1.32 0.13 0.02 1.51 --- --- 4948.81 5300.65 --- 10251.70
1+43.72 4+91.99 13+05.87 16+70.74 858.01 348.27 44.13 320.74 0.01 1.53 0.85 1.45 11.78 85.66 5359.07 -350.82 4350.92 9360.00
1+39.90 4+91.99 13+05.87 16+74.74 908.01 352.09 94.13 274.74 0.01 1.53 1.23 1.45 25.14 73.37 5417.98 -1079.03 3720.65 8059.96
2+32.54 4+91.99 13+05.87 16+26.35 958.01 259.45 144.13 176.35 0.01 1.53 1.32 1.36 38.49 47.10 4707.37 -1777.46 2248.59 5178.83
2+46.01 4+91.99 13+05.87 15+63.57 1008.01 245.98 194.13 63.57 0.01 1.52 1.33 0.93 51.84 16.98 3784.98 -2418.85 554.57 1921.21

Embankment 2 Load - Vertical stress increase



XSEC SN 3

Cross
Section
Station
4+50.00
5+00.00
5+50.00
6+00.00
6+50.00
7+00.00
7+50.00
8+00.00
8+50.00
9+00.00
9+50.00

10+00.00
10+50.00
11+00.00
11+50.00
12+00.00
12+50.00
13+00.00
13+50.00
14+00.00
14+50.00
15+00.00

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated clays

original distance
between

final distance between
(overconsolidated clays)

overconsolidated
clays

Slope at top of
native soil

overconsolidated
clays

30.67 --- 547.90 --- --- --- --- ---
32.58 1.91 531.37 52.61 52.66 0.0948% -32.74% -33.06%
35.34 2.76 514.78 52.61 52.68 0.1368% -32.72% -33.18%
37.88 2.53 498.21 52.61 52.67 0.1256% -32.72% -33.14%
41.35 3.48 481.55 52.61 52.70 0.1727% -32.74% -33.32%
51.37 10.02 476.44 50.18 50.26 0.1556% -8.56% -10.23%
57.97 6.60 474.61 50.02 50.03 0.0342% -2.56% -3.66%
51.15 6.82 473.90 50.02 50.01 0.0226% -2.56% -1.42%
43.21 7.94 473.27 50.02 50.00 0.0254% -2.58% -1.26%
35.89 7.33 472.60 50.02 50.00 0.0238% -2.56% -1.34%
34.43 1.46 471.43 50.02 50.01 0.0060% -2.58% -2.34%
38.99 4.56 469.77 50.02 50.03 0.0223% -2.56% -3.32%
40.01 1.02 468.40 50.02 50.02 0.0045% -2.58% -2.75%
42.64 2.64 466.89 50.02 50.02 0.0123% -2.58% -3.02%
50.32 7.68 465.06 50.01 50.03 0.0386% -2.38% -3.66%
48.34 1.98 464.08 50.01 50.01 0.0070% -2.28% -1.95%
44.15 4.19 463.35 50.01 50.01 0.0126% -2.16% -1.46%
40.79 3.36 462.51 50.01 50.01 0.0110% -2.24% -1.68%
32.47 8.32 462.14 50.01 50.00 0.0198% -2.12% -0.73%
26.17 6.30 461.60 50.01 50.00 0.0169% -2.14% -1.09%
23.48 2.70 474.74 51.64 51.70 0.1097% 25.84% 26.29%
22.79 0.69 491.57 52.74 52.76 0.0348% 33.54% 33.66%

Post settlement
slope

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain



XSEC SN 4
Vertical stress

after excavation
Cross

Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Top of grade break
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb1 (ft)

Assumed
embankment

height, Hemb2 (ft)
4+63.00 566.51 447.17 119.34 59.67 481.65 0.00 7160.40 639.21 615.68 566.51 23.53 49.17
5+13.00 550.17 448.48 101.69 50.85 480.40 0.00 6101.40 639.21 615.68 550.17 23.53 65.51
5+63.00 533.8 444.65 89.15 44.58 479.13 0.00 5349.00 639.21 615.68 533.80 23.53 81.88
6+13.00 517.44 433.2 84.24 42.12 477.85 157.87 4896.53 639.21 615.68 517.44 23.53 98.24
6+63.00 501.07 400.9 100.17 50.09 476.57 1596.50 4413.70 639.21 615.68 501.07 23.53 114.61
7+13.00 485.29 419.43 65.86 32.93 475.29 1430.83 2520.77 639.21 615.68 485.29 23.53 130.39
7+63.00 484.01 425.98 58.03 29.02 474.01 1186.54 2295.26 639.21 615.68 484.01 23.53 131.67
8+13.00 482.73 423.3 59.43 29.72 472.73 1230.22 2335.58 639.21 615.68 482.73 23.53 132.95
8+63.00 481.46 430.7 50.76 25.38 471.46 959.71 2085.89 639.21 615.68 481.46 23.53 134.22
9+13.00 480.18 428.58 51.60 25.80 470.18 985.92 2110.08 639.21 615.68 480.18 23.53 135.50
9+63.00 478.9 421.89 57.01 28.51 468.90 1154.71 2265.89 639.21 615.68 478.90 23.53 136.78

10+13.00 477.61 408.75 68.86 34.43 467.61 1524.43 2607.17 639.21 615.68 477.61 23.53 138.07
10+63.00 476.32 395.6 80.72 40.36 466.32 1894.46 2948.74 639.21 615.68 476.32 23.53 139.36
11+13.00 475.03 377.89 97.14 48.57 465.03 2406.77 3421.63 639.21 615.68 475.03 23.53 140.65
11+63.00 473.74 372.82 100.92 50.46 463.74 2524.70 3530.50 639.21 615.68 473.74 23.53 141.94
12+13.00 472.45 387.11 85.34 42.67 462.45 2038.61 3081.79 639.21 615.68 472.45 23.53 143.23
12+63.00 471.16 395.41 75.75 37.88 461.16 1739.40 2805.60 639.21 615.68 471.16 23.53 144.52
13+13.00 469.89 387.56 82.33 41.17 459.89 1944.70 2995.10 639.21 615.68 469.89 23.53 145.79
13+63.00 468.81 398.75 70.06 35.03 458.81 1561.87 2641.73 639.21 615.68 468.81 23.53 146.87
14+13.00 475.43 412.41 63.02 31.51 457.73 861.74 2919.46 639.21 615.68 475.43 23.53 140.25
14+63.00 492.15 415.02 77.13 38.57 456.70 194.38 4433.42 639.21 615.68 492.15 23.53 123.53
15+13.00 508.88 407.13 101.75 50.88 455.64 0.00 6105.00 639.21 615.68 508.88 23.53 106.80

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Groundwater Embankment Fill - Waste



XSEC SN 4

Cross
Section
Station
4+63.00
5+13.00
5+63.00
6+13.00
6+63.00
7+13.00
7+63.00
8+13.00
8+63.00
9+13.00
9+63.00

10+13.00
10+63.00
11+13.00
11+63.00
12+13.00
12+63.00
13+13.00
13+63.00
14+13.00
14+63.00
15+13.00

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft)
Ds'z1

(psf)
Ds'z2

(psf)
Ds'z3

(psf)

6+46.96 7+35.00 8+47.00 10+30.00 384.00 183.00 183.96 88.04 0.05 1.42 0.10 1.26 --- --- 1293.00 -1284.42 ---
6+46.96 7+35.00 8+47.00 10+30.00 334.00 183.00 133.96 88.04 0.05 1.42 0.14 1.21 --- --- 1293.14 -1281.16 ---
6+46.96 7+35.00 8+47.00 10+30.00 284.00 183.00 83.96 88.04 0.06 1.42 0.23 1.08 --- --- 1293.13 -1269.47 ---
6+46.96 7+35.00 8+47.00 10+30.00 234.00 183.00 33.96 88.04 0.08 1.39 0.56 0.68 --- --- 1292.78 -1198.17 ---
6+46.96 7+35.00 8+47.00 10+30.00 184.00 183.00 72.00 16.04 0.13 1.31 0.96 0.31 19.25 4.28 1290.20 -649.09 46.45
6+46.96 7+35.00 8+47.00 10+30.00 134.00 183.00 22.00 66.04 0.14 1.33 0.59 1.11 5.88 17.65 1291.80 -121.26 684.89
6+46.96 7+35.00 8+47.00 10+30.00 84.00 183.00 28.00 88.04 0.22 1.24 0.56 0.77 --- --- 1289.81 1238.54 ---
6+46.96 7+35.00 8+47.00 10+30.00 34.00 183.00 78.00 88.04 0.58 0.85 0.19 1.21 --- --- 1271.14 1284.67 ---
6+46.96 7+35.00 8+47.00 10+30.00 128.00 88.04 16.00 167.00 0.08 1.38 0.56 1.42 2.06 21.47 1292.19 -40.57 1067.47
6+46.96 7+35.00 8+47.00 10+30.00 178.00 88.04 66.00 117.00 0.05 1.43 1.20 1.35 8.49 15.04 1293.23 -356.17 712.90
6+46.96 7+35.00 8+47.00 10+30.00 228.00 88.04 116.00 67.00 0.03 1.45 1.33 1.17 14.92 8.61 1293.49 -694.72 352.28
6+46.96 7+35.00 8+47.00 10+30.00 278.00 88.04 166.00 17.00 0.03 1.45 1.37 0.46 21.35 2.18 1293.46 -1021.37 35.01
6+46.96 7+35.00 8+47.00 10+30.00 328.00 88.04 33.00 183.00 0.03 1.45 0.70 0.69 --- --- 1293.44 -1246.06 ---
6+46.96 7+35.00 8+47.00 10+30.00 378.00 88.04 83.00 183.00 0.02 1.44 0.35 1.04 --- --- 1293.31 -1275.71 ---
6+46.96 7+35.00 8+47.00 10+30.00 428.00 88.04 133.00 183.00 0.02 1.45 0.20 1.21 --- --- 1293.48 -1286.01 ---
6+46.96 7+35.00 8+47.00 10+30.00 478.00 88.04 183.00 183.00 0.01 1.48 0.11 1.34 --- --- 1293.85 -1291.64 ---
6+46.96 7+35.00 8+47.00 10+30.00 528.00 88.04 233.00 183.00 0.01 1.50 0.07 1.41 --- --- 1293.99 -1293.14 ---
6+46.96 7+35.00 8+47.00 10+30.00 578.00 88.04 283.00 183.00 0.01 1.50 0.06 1.43 --- --- 1293.99 -1293.34 ---
6+46.96 7+35.00 8+47.00 10+30.00 628.00 88.04 333.00 183.00 0.01 1.52 0.04 1.47 --- --- 1294.07 -1293.81 ---
6+46.96 7+35.00 8+47.00 10+30.00 678.00 88.04 383.00 183.00 0.01 1.52 0.03 1.49 --- --- 1294.10 -1293.98 ---
6+46.96 7+35.00 8+47.00 10+30.00 728.00 88.04 433.00 183.00 0.01 1.52 0.03 1.48 --- --- 1294.08 -1293.92 ---
6+46.96 7+35.00 8+47.00 10+30.00 778.00 88.04 483.00 183.00 0.01 1.51 0.03 1.47 --- --- 1294.02 -1293.75 ---

Embankment 1 Load - Vertical stress increase



XSEC SN 4

Cross
Section
Station
4+63.00
5+13.00
5+63.00
6+13.00
6+63.00
7+13.00
7+63.00
8+13.00
8+63.00
9+13.00
9+63.00

10+13.00
10+63.00
11+13.00
11+63.00
12+13.00
12+63.00
13+13.00
13+63.00
14+13.00
14+63.00
15+13.00

Total vertical
stress increase

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft)
Ds'z1

(psf)
Ds'z2

(psf)
Ds'z3

(psf)
Ds' (psf)

4+63.00 6+46.96 11+50.00 13+39.17 687.00 189.17 183.96 --- 0.02 1.48 1.26 --- --- --- 2703.83 -2164.35 --- 548.06
4+01.86 6+46.96 11+50.00 14+02.03 637.00 252.03 133.96 111.14 0.02 1.49 1.21 1.14 35.81 29.70 3602.57 -1514.71 1187.31 3287.16
3+40.64 6+46.96 11+50.00 14+64.98 587.00 314.98 83.96 222.36 0.03 1.50 1.08 1.37 22.44 59.44 4502.95 -850.72 2857.45 6533.34
2+79.42 6+46.96 11+50.00 15+27.93 537.00 377.93 33.96 333.58 0.03 1.49 0.68 1.45 9.08 89.16 5402.69 -215.73 4511.69 9793.26
2+18.20 6+46.96 11+50.00 15+90.88 487.00 440.88 16.04 428.76 0.05 1.47 1.15 0.31 --- --- 6302.39 6026.04 --- 13015.99
1+59.14 6+46.96 11+50.00 16+51.61 437.00 501.61 66.04 487.82 0.04 1.50 0.40 1.11 --- --- 7171.01 7149.51 --- 16175.95
1+54.35 6+46.96 11+50.00 16+56.54 387.00 506.54 116.04 492.61 0.04 1.50 0.20 1.33 --- --- 7241.45 7236.60 --- 17006.40
1+49.58 6+46.96 11+50.00 16+61.45 337.00 511.45 166.04 497.38 0.05 1.48 0.13 1.39 --- --- 7311.66 7309.52 --- 17177.00
1+44.81 6+46.96 11+50.00 16+66.35 287.00 516.35 216.04 502.15 0.06 1.48 0.08 1.45 --- --- 7381.58 7381.12 --- 17081.78
1+40.04 6+46.96 11+50.00 16+71.26 237.00 521.26 266.04 506.92 0.07 1.46 0.06 1.47 --- --- 7451.67 7451.84 --- 16553.47
1+35.23 6+46.96 11+50.00 16+76.20 187.00 526.20 316.04 511.73 0.11 1.42 0.06 1.48 --- --- 7521.06 7522.29 --- 15994.40
1+30.41 6+46.96 11+50.00 16+81.15 137.00 531.15 366.04 516.55 0.19 1.32 0.05 1.48 --- --- 7587.77 7593.07 --- 15487.94
1+25.60 6+46.96 11+50.00 16+86.10 87.00 536.10 416.04 521.36 0.37 1.14 0.05 1.47 --- --- 7641.91 7663.85 --- 15353.15
1+20.78 6+46.96 11+50.00 16+91.06 37.00 541.06 466.04 526.18 0.84 0.65 0.05 1.47 --- --- 7604.46 7734.48 --- 15356.54
1+15.95 6+46.96 11+50.00 16+96.03 516.04 531.01 13.00 533.03 0.05 1.47 0.25 1.48 3.38 138.56 7805.57 -29.84 7162.89 14946.08
1+11.13 6+46.96 11+50.00 17+00.99 566.04 535.83 63.00 487.99 0.04 1.50 0.98 1.48 16.37 126.86 7877.10 -559.12 6589.89 13910.07
1+06.29 6+46.96 11+50.00 17+05.96 616.04 540.67 113.00 442.96 0.03 1.51 1.25 1.49 29.37 115.15 7948.28 -1282.77 5989.34 12655.71
1+01.54 6+46.96 11+50.00 17+10.85 666.04 545.42 163.00 397.85 0.03 1.51 1.32 1.47 42.37 103.42 8018.11 -1963.36 5314.75 11370.15
0+97.49 6+46.96 11+50.00 17+15.00 716.04 549.47 213.00 352.00 0.02 1.52 1.41 1.47 55.37 91.50 8077.67 -2729.34 4714.71 10063.31
1+22.26 6+46.96 11+50.00 16+89.54 766.04 524.70 263.00 276.54 0.02 1.53 1.45 1.46 68.36 71.89 7713.64 -3474.39 3668.37 7907.75
1+84.82 6+46.96 11+50.00 16+25.20 816.04 462.14 313.00 162.20 0.02 1.52 1.45 1.34 81.36 42.17 6793.99 -4125.56 1974.68 4643.27
2+47.39 6+46.96 11+50.00 15+60.87 866.04 399.57 363.00 47.87 0.02 1.51 1.43 0.75 94.36 12.44 5873.71 -4729.75 328.85 1473.08

Embankment 2 Load - Vertical stress increase



XSEC SN 4

Cross
Section
Station
4+63.00
5+13.00
5+63.00
6+13.00
6+63.00
7+13.00
7+63.00
8+13.00
8+63.00
9+13.00
9+63.00

10+13.00
10+63.00
11+13.00
11+63.00
12+13.00
12+63.00
13+13.00
13+63.00
14+13.00
14+63.00
15+13.00

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated

clays
original distance

between
final distance between

(overconsolidated clays)
overconsolidated

clays
Slope at top of

native soil
overconsolidated

clays

28.94 --- 564.10 --- --- --- --- ---
31.06 2.11 547.58 52.60 52.66 0.1044% -32.68% -33.03%
33.63 2.57 531.00 52.61 52.68 0.1276% -32.74% -33.17%
37.09 3.46 514.35 52.61 52.70 0.1716% -32.72% -33.30%
49.37 12.28 496.96 52.61 52.94 0.6223% -32.74% -34.79%
35.75 13.62 482.31 52.43 52.10 0.6300% -31.56% -29.29%
32.31 3.45 481.32 50.02 50.01 0.0130% -2.56% -1.99%
33.21 0.90 479.96 50.02 50.02 0.0039% -2.56% -2.71%
28.43 4.78 479.09 50.02 50.01 0.0170% -2.54% -1.74%
28.49 0.06 477.81 50.02 50.02 0.0003% -2.56% -2.57%
30.91 2.42 476.32 50.02 50.02 0.0111% -2.56% -2.96%
36.63 5.72 474.56 50.02 50.03 0.0291% -2.58% -3.53%
42.65 6.02 472.77 50.02 50.03 0.0309% -2.58% -3.58%
51.22 8.57 470.76 50.02 50.04 0.0470% -2.58% -4.01%
52.59 1.37 469.36 50.02 50.02 0.0062% -2.58% -2.81%
43.15 9.44 468.85 50.02 50.00 0.0282% -2.58% -1.01%
36.73 6.42 468.10 50.02 50.01 0.0219% -2.58% -1.51%
37.96 1.23 466.73 50.02 50.02 0.0054% -2.54% -2.75%
30.43 7.54 466.27 50.01 50.00 0.0192% -2.16% -0.90%
24.26 6.17 473.41 50.44 50.51 0.1388% 13.24% 14.27%
24.19 0.07 490.13 52.72 52.72 0.0034% 33.44% 33.45%
25.09 0.90 506.79 52.72 52.70 0.0450% 33.46% 33.31%

Post settlement
slope

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain



XSEC WE 1
Vertical stress

after excavation

Cross Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z (ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb (ft)
3+02.63 476.95 366.68 110.27 55.14 452.14 1892.28 4723.92 682.08 476.95 205.13
3+52.63 463.33 373.22 90.11 45.06 453.37 2189.93 3216.67 682.08 463.33 218.75
4+02.63 464.57 378.54 86.03 43.02 454.57 2060.14 3101.66 682.08 464.57 217.51
4+52.63 465.73 381.51 84.22 42.11 455.78 2006.78 3046.42 682.08 465.73 216.35
5+02.63 466.91 383.82 83.09 41.55 456.93 1969.66 3015.74 682.08 466.91 215.17
5+52.63 468.09 388.03 80.06 40.03 458.11 1875.12 2928.48 682.08 468.09 213.99
6+02.63 469.23 390.45 78.78 39.39 459.24 1834.56 2892.24 682.08 469.23 212.85
6+52.63 470.40 393.55 76.85 38.43 460.40 1773.72 2837.28 682.08 470.40 211.68
7+02.63 471.63 396.11 75.52 37.76 461.63 1732.22 2798.98 682.08 471.63 210.45
7+52.63 472.86 397.50 75.36 37.68 462.86 1727.23 2794.37 682.08 472.86 209.22
8+02.63 474.09 399.54 74.55 37.28 464.09 1701.96 2771.04 682.08 474.09 207.99
8+52.63 475.32 404.19 71.13 35.57 465.32 1595.26 2672.54 682.08 475.32 206.76
9+02.63 476.95 410.86 66.09 33.05 466.55 1413.05 2552.35 682.08 476.55 205.53
9+52.63 477.78 417.87 59.91 29.96 467.78 1245.19 2349.41 682.08 477.78 204.30

10+02.63 479.02 422.19 56.83 28.42 469.02 1149.10 2260.70 682.08 479.02 203.06
10+52.63 480.25 417.71 62.54 31.27 470.25 1327.25 2425.15 682.08 480.25 201.83
11+02.63 481.47 414.38 67.09 33.55 471.47 1469.21 2556.19 682.08 481.47 200.61
11+52.63 482.69 406.05 76.64 38.32 472.69 1767.17 2831.23 682.08 482.69 199.39
12+02.63 483.91 414.19 69.72 34.86 473.91 1551.26 2631.94 682.08 483.92 198.16
12+52.63 493.26 433.63 59.63 29.82 475.12 728.52 2849.28 682.08 493.26 188.82
13+02.63 510.40 438.79 71.61 35.81 476.34 108.89 4187.71 682.08 510.40 171.68
13+52.63 527.53 437.05 90.48 45.24 477.56 0.00 5428.80 682.08 527.53 154.55
14+02.63 544.67 427.63 117.04 58.52 478.77 0.00 7022.40 682.08 544.67 137.41
14+52.63 561.81 413.93 147.88 73.94 479.98 0.00 8872.80 682.08 561.81 120.27

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Embankment Fill - WasteGroundwater



XSEC WE 1

Cross Section
Station

3+02.63
3+52.63
4+02.63
4+52.63
5+02.63
5+52.63
6+02.63
6+52.63
7+02.63
7+52.63
8+02.63
8+52.63
9+02.63
9+52.63

10+02.63
10+52.63
11+02.63
11+52.63
12+02.63
12+52.63
13+02.63
13+52.63
14+02.63
14+52.63

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c a1 (rad) a2 (rad) a3 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf) Ds' (psf)

3+02.63 10+36.01 10+36.01 17+53.47 733.38 717.46 --- 0.04 1.50 --- --- --- 11281.38 -10743.19 --- 538.19
2+53.96 10+36.01 10+36.01 18+01.09 683.38 765.08 98.67 0.03 1.50 1.14 191.15 27.60 12030.74 -10072.62 1104.05 3062.17
2+58.37 10+36.01 10+36.01 17+96.77 633.38 760.76 144.26 0.04 1.50 1.28 177.16 40.35 11962.53 -9323.17 1809.84 4449.19
2+62.53 10+36.01 10+36.01 17+92.70 583.38 756.69 190.10 0.04 1.50 1.35 163.18 53.17 11898.66 -8563.19 2518.51 5853.98
2+66.73 10+36.01 10+36.01 17+88.59 533.38 752.58 235.90 0.05 1.49 1.40 149.19 65.98 11833.66 -7799.39 3226.17 7260.43
2+70.95 10+36.01 10+36.01 17+84.46 483.38 748.45 281.68 0.05 1.49 1.43 135.21 78.78 11768.68 -7045.39 3943.51 8666.80
2+75.03 10+36.01 10+36.01 17+80.47 433.38 744.46 327.60 0.06 1.48 1.45 121.22 91.63 11705.82 -6282.38 4655.73 10079.16
2+79.21 10+36.01 10+36.01 17+76.38 383.38 740.37 373.42 0.07 1.47 1.47 107.24 104.44 11641.27 -5523.11 5369.23 11487.39
2+83.61 10+36.01 10+36.01 17+72.08 333.38 736.07 419.02 0.08 1.46 1.48 93.25 117.20 11573.30 -4760.50 6077.20 12889.99
2+88.00 10+36.01 10+36.01 17+67.78 283.38 731.77 464.63 0.10 1.44 1.49 79.26 129.96 11505.07 -3992.44 6779.58 14292.21
2+92.40 10+36.01 10+36.01 17+63.48 233.38 727.47 510.23 0.12 1.41 1.50 65.28 142.71 11436.51 -3228.39 7484.65 15692.78
2+96.81 10+36.01 10+36.01 17+59.17 183.38 723.16 555.82 0.15 1.38 1.51 51.29 155.47 11367.62 -2476.93 8203.00 17093.69
3+01.21 10+36.01 10+36.01 17+54.86 133.38 718.85 601.42 0.20 1.33 1.52 37.31 168.22 11297.79 -1734.78 8928.80 18491.80
3+05.62 10+36.01 10+36.01 17+50.55 83.38 714.54 647.01 0.31 1.23 1.52 23.32 180.98 11224.65 -1000.98 9660.73 19884.40
3+10.03 10+36.01 10+36.01 17+46.23 33.38 710.22 692.60 0.67 0.87 1.53 9.34 193.72 11119.64 -283.07 10376.48 21213.05
3+14.43 10+36.01 10+36.01 17+41.92 16.62 721.58 689.29 1.04 0.49 1.53 4.75 197.08 10970.75 -81.25 10526.57 21416.06
3+18.80 10+36.01 10+36.01 17+37.66 66.62 717.21 635.03 0.42 1.10 1.52 19.05 181.56 11009.57 -736.61 9650.30 19923.26
3+23.16 10+36.01 10+36.01 17+33.39 116.62 712.85 580.76 0.27 1.25 1.50 33.34 166.05 10954.02 -1463.09 8749.68 18240.61
3+27.51 10+36.01 10+36.01 17+29.13 166.62 708.50 526.50 0.17 1.36 1.50 47.64 150.52 10894.13 -2276.17 7930.16 16548.11
3+60.94 10+36.01 10+36.01 16+96.43 216.62 675.07 443.80 0.10 1.43 1.50 61.94 126.88 10383.39 -3110.06 6680.39 13953.72
4+22.21 10+36.01 10+36.01 16+36.49 266.62 613.80 333.86 0.09 1.44 1.46 76.23 95.45 9440.51 -3836.34 4892.69 10496.86
4+83.48 10+36.01 10+36.01 15+76.55 316.62 552.53 223.92 0.09 1.43 1.37 90.53 64.02 8497.67 -4529.28 3074.23 7042.62
5+44.75 10+36.01 10+36.01 15+16.62 366.62 491.26 113.99 0.09 1.41 1.10 104.82 32.59 7553.64 -5184.17 1251.23 3620.71
6+06.01 10+36.01 10+36.01 14+56.68 416.62 430.00 4.05 0.09 1.40 0.05 119.12 1.15 6609.22 -5819.00 2.20 792.43

Embankment Load - Vertical stress increase



XSEC WE 1

Cross Section
Station

3+02.63
3+52.63
4+02.63
4+52.63
5+02.63
5+52.63
6+02.63
6+52.63
7+02.63
7+52.63
8+02.63
8+52.63
9+02.63
9+52.63

10+02.63
10+52.63
11+02.63
11+52.63
12+02.63
12+52.63
13+02.63
13+52.63
14+02.63
14+52.63

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated clays

original distance
between

final distance between
(overconsolidated clays)

overconsolidated
clays

Slope at top of
native soil

overconsolidated
clays

17.71 --- 475.47 --- --- --- --- ---
20.74 3.03 461.60 51.82 51.89 0.1291% -27.24% -27.74%
24.33 3.59 462.54 50.02 50.01 0.0130% 2.48% 1.88%
27.70 3.37 463.42 50.01 50.01 0.0114% 2.32% 1.76%
30.65 2.95 464.36 50.01 50.01 0.0104% 2.36% 1.87%
32.31 1.66 465.40 50.01 50.01 0.0062% 2.36% 2.08%
34.27 1.96 466.37 50.01 50.01 0.0069% 2.28% 1.95%
35.60 1.33 467.43 50.01 50.01 0.0049% 2.34% 2.12%
36.93 1.32 468.55 50.02 50.01 0.0052% 2.46% 2.24%
38.62 1.69 469.64 50.02 50.01 0.0065% 2.46% 2.18%
39.82 1.20 470.77 50.02 50.01 0.0047% 2.46% 2.26%
39.47 0.36 472.03 50.02 50.02 0.0015% 2.46% 2.52%
37.97 1.49 473.79 50.03 50.03 0.0084% 3.26% 3.51%
35.60 2.37 474.81 50.01 50.01 0.0074% 1.66% 2.06%
34.74 0.86 476.13 50.02 50.02 0.0037% 2.48% 2.62%
38.25 3.52 477.06 50.02 50.01 0.0127% 2.46% 1.87%
39.76 1.51 478.16 50.01 50.01 0.0058% 2.44% 2.19%
43.63 3.87 479.05 50.01 50.01 0.0137% 2.44% 1.79%
38.17 5.46 480.73 50.01 50.03 0.0263% 2.44% 3.35%
30.22 7.95 490.74 50.87 50.99 0.2475% 18.70% 20.02%
32.13 1.91 507.72 52.86 52.80 0.0973% 34.28% 33.96%
35.26 3.12 524.59 52.85 52.77 0.1586% 34.26% 33.74%
38.87 3.61 541.43 52.86 52.76 0.1830% 34.28% 33.68%
43.30 4.43 558.20 52.86 52.74 0.2245% 34.28% 33.54%

Post settlement
slope

Differential
Settlement (in)

Strain
Top of ground post

settlement (ft)
Distance between top of ground (ft)



XSEC WE 2
Vertical stress

after excavation

Cross
Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb (ft)
3+34.00 489.13 350.82 138.31 69.16 455.73 2231.11 6067.49 669.86 489.13 180.73
3+84.00 473.78 353.80 119.98 59.99 457.65 2736.86 4461.94 669.86 473.78 196.08
4+34.00 468.93 358.15 110.78 55.39 458.94 2832.96 3813.84 669.86 468.93 200.93
4+84.00 470.11 362.58 107.53 53.77 460.11 2730.94 3720.86 669.86 470.11 199.75
5+34.00 471.34 366.76 104.58 52.29 461.34 2638.90 3635.90 669.86 471.34 198.52
5+84.00 472.57 369.76 102.81 51.41 462.57 2583.67 3584.93 669.86 472.57 197.29
6+34.00 473.80 372.49 101.31 50.66 463.80 2536.87 3541.73 669.86 473.80 196.06
6+84.00 475.02 375.42 99.60 49.80 465.02 2483.52 3492.48 669.86 475.02 194.84
7+34.00 476.25 380.26 95.99 48.00 466.25 2370.89 3388.51 669.86 476.25 193.61
7+84.00 477.48 379.25 98.23 49.12 467.48 2440.78 3453.02 669.86 477.48 192.38
8+34.00 478.72 388.38 90.34 45.17 468.72 2194.61 3225.79 669.86 478.72 191.14
8+84.00 479.95 401.98 77.97 38.99 469.95 1808.66 2869.54 669.86 479.95 189.91
9+34.00 481.17 411.73 69.44 34.72 471.17 1542.53 2623.87 669.86 481.17 188.69
9+84.00 482.40 417.72 64.68 32.34 472.40 1394.02 2486.78 669.86 482.40 187.46

10+34.00 483.62 435.39 48.23 24.12 473.62 880.78 2013.02 669.86 483.62 186.24
10+84.00 484.84 446.04 38.80 19.40 474.84 586.56 1741.44 669.86 484.84 185.02
11+34.00 486.06 452.29 33.77 16.89 476.06 429.62 1596.58 669.86 486.06 183.80
11+84.00 487.28 456.48 30.80 15.40 477.28 336.96 1511.04 669.86 487.28 182.58
12+34.00 488.50 459.37 29.13 14.57 478.50 284.86 1462.94 669.86 488.50 181.36
12+84.00 503.66 460.16 43.50 21.75 479.71 0.00 2610.00 669.86 503.66 166.20
13+34.00 520.80 457.78 63.02 31.51 480.95 0.00 3781.20 669.86 520.80 149.06
13+84.00 537.94 451.39 86.55 43.28 482.19 0.00 5193.00 669.86 537.94 131.92
14+34.00 555.07 439.93 115.14 57.57 483.45 0.00 6908.40 669.86 555.07 114.79
14+84.00 572.21 427.92 144.29 72.15 484.73 0.00 8657.40 669.86 572.21 97.65

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Groundwater Embankment Fill - Waste



XSEC WE 2

Cross
Section
Station
3+34.00
3+84.00
4+34.00
4+84.00
5+34.00
5+84.00
6+34.00
6+84.00
7+34.00
7+84.00
8+34.00
8+84.00
9+34.00
9+84.00

10+34.00
10+84.00
11+34.00
11+84.00
12+34.00
12+84.00
13+34.00
13+84.00
14+34.00
14+84.00

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c a1 (rad) a2 (rad) a3 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf) Ds' (psf)

3+34.00 10+89.49 10+89.49 18+48.20 755.49 758.71 755.49 0.05 1.48 1.48 --- --- 9938.95 -9362.51 --- 576.44
2+69.81 10+89.49 10+89.49 19+12.65 705.49 823.16 114.19 0.05 1.49 1.09 168.77 27.31 10783.46 -8781.07 1039.50 3041.89
2+49.54 10+89.49 10+89.49 19+33.02 655.49 843.53 184.46 0.05 1.49 1.28 156.81 44.12 11050.27 -8161.69 1975.95 4864.53
2+54.49 10+89.49 10+89.49 19+28.04 605.49 838.55 229.51 0.05 1.48 1.34 144.85 54.90 10985.28 -7517.57 2577.16 6044.87
2+59.62 10+89.49 10+89.49 19+22.90 555.49 833.41 274.38 0.06 1.48 1.38 132.88 65.64 10917.52 -6871.72 3177.39 7223.19
2+64.75 10+89.49 10+89.49 19+17.74 505.49 828.25 319.25 0.06 1.47 1.41 120.92 76.37 10849.69 -6221.52 3773.45 8401.63
2+69.88 10+89.49 10+89.49 19+12.59 455.49 823.10 364.12 0.07 1.46 1.43 108.96 87.10 10781.79 -5570.26 4368.94 9580.48
2+75.02 10+89.49 10+89.49 19+07.43 405.49 817.94 408.98 0.08 1.45 1.45 97.00 97.84 10714.36 -4919.96 4966.10 10760.50
2+80.16 10+89.49 10+89.49 19+02.26 355.49 812.77 453.84 0.09 1.44 1.47 85.04 108.57 10646.37 -4277.61 5570.82 11939.58
2+85.30 10+89.49 10+89.49 18+97.10 305.49 807.61 498.70 0.12 1.41 1.47 73.08 119.30 10577.69 -3611.50 6151.43 13117.62
2+90.45 10+89.49 10+89.49 18+91.93 255.49 802.44 543.55 0.13 1.40 1.49 61.12 130.02 10509.08 -2987.11 6773.64 14295.61
2+95.60 10+89.49 10+89.49 18+86.76 205.49 797.27 588.40 0.15 1.38 1.50 49.16 140.75 10441.39 -2381.08 7415.20 15475.52
3+00.71 10+89.49 10+89.49 18+81.62 155.49 792.13 633.29 0.18 1.35 1.52 37.20 151.49 10373.41 -1759.85 8041.43 16654.99
3+05.83 10+89.49 10+89.49 18+76.48 105.49 786.99 678.17 0.26 1.27 1.52 25.23 162.23 10302.41 -1124.86 8651.98 17829.53
3+10.94 10+89.49 10+89.49 18+71.35 55.49 781.86 723.06 0.38 1.16 1.54 13.27 172.97 10231.86 -539.37 9311.44 19003.93
3+16.04 10+89.49 10+89.49 18+66.23 5.49 776.74 767.96 1.27 0.28 1.55 14.27 170.75 10073.63 -137.79 9240.25 19176.08
3+21.14 10+89.49 10+89.49 18+61.11 44.51 768.35 727.11 0.34 1.21 1.55 10.60 173.20 10102.77 -448.43 9385.20 19039.54
3+26.24 10+89.49 10+89.49 18+55.98 94.51 763.25 671.98 0.14 1.41 1.55 22.51 160.07 10040.79 -1110.74 8675.43 17605.48
3+31.33 10+89.49 10+89.49 18+50.88 144.51 758.16 616.88 0.08 1.47 1.55 34.42 146.94 9974.40 -1772.04 7960.25 16162.61
3+94.73 10+89.49 10+89.49 17+87.21 194.51 694.76 503.21 0.09 1.46 1.53 46.33 119.87 9140.28 -2367.51 6411.55 13184.33
4+66.37 10+89.49 10+89.49 17+15.26 244.51 623.12 381.26 0.09 1.44 1.49 58.24 90.82 8196.97 -2941.85 4732.88 9988.00
5+38.00 10+89.49 10+89.49 16+43.32 294.51 551.49 259.32 0.09 1.42 1.41 70.15 61.77 7253.34 -3499.90 3039.72 6793.16
6+09.64 10+89.49 10+89.49 15+71.38 344.51 479.85 137.38 0.10 1.41 1.17 82.06 32.73 6309.82 -4037.55 1345.38 3617.65
6+81.28 10+89.49 10+89.49 14+99.43 394.51 408.21 15.43 0.09 1.39 0.21 93.97 3.68 5365.77 -4573.23 27.15 819.69

Embankment Load - Vertical stress increase



XSEC WE 2

Cross
Section
Station
3+34.00
3+84.00
4+34.00
4+84.00
5+34.00
5+84.00
6+34.00
6+84.00
7+34.00
7+84.00
8+34.00
8+84.00
9+34.00
9+84.00

10+34.00
10+84.00
11+34.00
11+84.00
12+34.00
12+84.00
13+34.00
13+84.00
14+34.00
14+84.00

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated clays

original distance
between

final distance between
(overconsolidated clays)

overconsolidated
clays

Slope at top of
native soil

overconsolidated
clays

29.16 --- 486.70 --- --- --- --- ---
31.33 2.16 471.17 52.30 52.36 0.1017% -30.70% -31.06%
34.30 2.97 466.07 50.23 50.26 0.0488% -9.70% -10.20%
36.92 2.62 467.03 50.01 50.01 0.0094% 2.36% 1.92%
39.08 2.16 468.08 50.02 50.01 0.0082% 2.46% 2.10%
41.29 2.20 469.13 50.02 50.01 0.0084% 2.46% 2.09%
43.27 1.98 470.19 50.02 50.01 0.0076% 2.46% 2.13%
44.87 1.60 471.28 50.01 50.01 0.0062% 2.44% 2.17%
45.32 0.45 472.47 50.02 50.01 0.0018% 2.46% 2.39%
48.37 3.06 473.45 50.02 50.01 0.0112% 2.46% 1.95%
46.21 2.17 474.87 50.02 50.02 0.0096% 2.48% 2.84%
41.36 4.84 476.50 50.02 50.03 0.0231% 2.46% 3.27%
38.13 3.24 477.99 50.01 50.02 0.0146% 2.44% 2.98%
36.63 1.49 479.35 50.02 50.02 0.0064% 2.46% 2.71%
28.32 8.31 481.26 50.01 50.04 0.0433% 2.44% 3.82%
23.04 5.28 482.92 50.01 50.03 0.0253% 2.44% 3.32%
20.09 2.95 484.39 50.01 50.02 0.0132% 2.44% 2.93%
17.77 2.32 485.80 50.01 50.02 0.0102% 2.44% 2.83%
16.21 1.56 487.15 50.01 50.02 0.0067% 2.44% 2.70%
21.52 5.31 501.87 52.25 52.12 0.2423% 30.32% 29.44%
27.52 6.00 518.51 52.86 52.70 0.3028% 34.28% 33.28%
33.00 5.48 535.19 52.86 52.71 0.2766% 34.28% 33.37%
37.99 4.99 551.90 52.85 52.72 0.2524% 34.26% 33.43%
41.67 3.68 568.74 52.86 52.76 0.1865% 34.28% 33.67%

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain
Post settlement

slope



XSEC WE 3
Vertical stress

after excavation
Cross

Section
Station

Top of ground
elevation (ft)

Approximate
top of rock

elevation (ft)

Height of Soil
Column, H (ft)

Depth from ground to
midpoint soil column, z

(ft)

Water table
elevation (ft)

Pore water
pressure, u (psf)

Overburden
stress, s'z (psf)

Top of fill
elevation (ft)

Bottom of fill
elevation (ft)

Assumed
embankment

height, Hemb (ft)
6+57.00 467.50 336.12 131.38 65.69 450.20 3019.54 4863.26 602.41 467.50 134.91
7+07.00 461.38 331.47 129.91 64.96 451.37 3428.57 4366.03 602.41 461.38 141.03
7+57.00 462.52 334.54 127.98 63.99 452.52 3368.98 4309.82 602.41 462.52 139.89
8+07.00 463.65 345.55 118.10 59.05 453.65 3060.72 4025.28 602.41 463.65 138.76
8+57.00 464.80 350.29 114.51 57.26 454.80 2948.71 3921.89 602.41 464.80 137.61
9+07.00 465.91 354.14 111.77 55.89 455.91 2863.22 3842.98 602.41 465.91 136.50
9+57.00 467.00 357.82 109.18 54.59 457.00 2782.42 3768.38 602.41 467.00 135.41

10+07.00 468.10 363.20 104.90 52.45 458.10 2648.88 3645.12 602.41 468.10 134.31
10+57.00 469.19 368.51 100.68 50.34 459.19 2517.22 3523.58 602.41 469.19 133.22
11+07.00 470.29 370.06 100.23 50.12 460.29 2503.18 3510.62 602.41 470.29 132.12
11+57.00 471.53 380.31 91.22 45.61 461.53 2222.06 3251.14 602.41 471.53 130.88
12+07.00 472.76 388.14 84.62 42.31 462.76 2016.14 3061.06 602.41 472.76 129.65
12+57.00 474.00 397.05 76.95 38.48 464.00 1776.84 2840.16 602.41 474.00 128.41
13+07.00 475.23 404.21 71.02 35.51 465.23 1591.82 2669.38 602.41 475.23 127.18
13+57.00 476.47 418.45 58.02 29.01 466.47 1186.22 2294.98 602.41 476.47 125.94
14+07.00 481.67 424.38 57.29 28.65 467.71 916.34 2521.06 602.41 481.67 120.74
14+57.00 498.54 423.61 74.93 37.47 468.94 490.78 4005.02 602.41 498.54 103.87
15+07.00 515.67 417.01 98.66 49.33 470.18 239.62 5679.98 602.41 515.67 86.74
15+57.00 532.81 406.41 126.40 63.20 471.39 111.07 7472.93 602.41 532.81 69.60

Assumed Parameters
Unit weight of foundation soil, gs 120.00 pcf

Unit weight of waste, gwaste 110.00 pcf

Unit weight of water, gw 62.40 pcf

Foundation soil in situ void ratio, e0 0.90
Foundation soil compression index, Cc 0.20
Foundation soil swell index, Cr 0.04

Preconsolidation pressure, s'c 2600.00 psf

Foundation Soil Groundwater Embankment Fill - Waste



XSEC WE 3

Cross
Section
Station
6+57.00
7+07.00
7+57.00
8+07.00
8+57.00
9+07.00
9+57.00

10+07.00
10+57.00
11+07.00
11+57.00
12+07.00
12+57.00
13+07.00
13+57.00
14+07.00
14+57.00
15+07.00
15+57.00

embankment
start station

embankment
crest begin

station

embankment
crest end

station

embankment
end station

a b c d a1 (rad) a2 (rad) a3 (rad) a4 (rad) habove (ft) hemb2 (ft) Ds'z1 (psf) Ds'z2 (psf) Ds'z3 (psf) Ds' (psf)

6+57.00 11+10.00 13+41.00 18+71.93 684.00 530.93 453.00 --- 0.04 1.48 1.43 --- --- --- 7418.83 -6739.80 --- 679.04
6+36.45 11+10.00 13+41.00 18+96.02 634.00 555.02 403.00 70.55 0.05 1.47 1.41 0.83 120.02 21.01 7755.21 -5929.54 608.13 2433.81
6+40.29 11+10.00 13+41.00 18+91.52 584.00 550.52 353.00 116.71 0.05 1.46 1.39 1.07 105.13 34.76 7692.29 -5122.04 1301.40 3871.65
6+44.06 11+10.00 13+41.00 18+87.10 534.00 546.10 303.00 162.94 0.06 1.46 1.38 1.22 90.24 48.52 7630.20 -4355.05 2077.93 5353.07
6+47.92 11+10.00 13+41.00 18+82.58 484.00 541.58 253.00 209.08 0.06 1.45 1.35 1.30 75.35 62.26 7566.72 -3557.08 2841.61 6851.26
6+51.67 11+10.00 13+41.00 18+78.18 434.00 537.18 203.00 255.33 0.07 1.44 1.30 1.36 60.46 76.04 7505.33 -2756.60 3608.50 8357.23
6+55.32 11+10.00 13+41.00 18+73.90 384.00 532.90 153.00 301.68 0.08 1.43 1.23 1.39 45.56 89.85 7444.89 -1959.08 4378.56 9864.37
6+59.03 11+10.00 13+41.00 18+69.56 334.00 528.56 103.00 347.97 0.10 1.42 1.10 1.42 30.67 103.64 7383.84 -1181.05 5157.30 11360.09
6+62.66 11+10.00 13+41.00 18+65.30 284.00 524.30 53.00 394.34 0.11 1.40 0.81 1.44 15.78 117.44 7323.07 -448.17 5937.09 12812.00
6+66.38 11+10.00 13+41.00 18+60.94 234.00 519.94 3.00 440.62 0.14 1.36 0.06 1.46 0.89 131.23 7260.62 -1.86 6697.27 13956.03
6+70.52 11+10.00 13+41.00 18+56.09 184.00 515.09 47.00 439.48 0.18 1.33 0.68 0.80 --- --- 7190.96 7101.75 --- 14292.71
6+74.67 11+10.00 13+41.00 18+51.23 134.00 510.23 97.00 435.33 0.24 1.26 0.33 1.16 --- --- 7119.48 7106.51 --- 14225.99
6+78.81 11+10.00 13+41.00 18+46.37 84.00 505.37 147.00 431.19 0.36 1.14 0.19 1.31 --- --- 7041.72 7054.34 --- 14096.06
6+82.96 11+10.00 13+41.00 18+41.51 34.00 500.51 197.00 427.04 0.74 0.76 0.12 1.39 --- --- 6923.58 6991.36 --- 13914.95
6+87.12 11+10.00 13+41.00 18+36.64 247.00 422.88 16.00 479.64 0.07 1.45 0.50 1.51 4.06 121.88 6925.51 -71.65 6445.60 13299.46
7+04.58 11+10.00 13+41.00 18+16.17 297.00 405.42 66.00 409.17 0.06 1.47 1.16 1.50 16.77 103.97 6639.94 -681.91 5463.91 11421.94
7+61.22 11+10.00 13+41.00 17+49.79 347.00 348.78 116.00 292.79 0.05 1.46 1.26 1.44 29.47 74.40 5711.72 -1298.50 3760.46 8173.69
8+18.76 11+10.00 13+41.00 16+82.35 397.00 291.24 166.00 175.35 0.05 1.45 1.28 1.30 42.18 44.56 4768.95 -1893.29 2022.93 4898.60
8+76.30 11+10.00 13+41.00 16+14.91 447.00 233.70 216.00 57.91 0.05 1.43 1.29 0.74 54.88 14.72 3825.54 -2471.43 382.30 1736.42

Embankment Load - Vertical stress increase



XSEC WE 3

Cross
Section
Station
6+57.00
7+07.00
7+57.00
8+07.00
8+57.00
9+07.00
9+57.00

10+07.00
10+57.00
11+07.00
11+57.00
12+07.00
12+57.00
13+07.00
13+57.00
14+07.00
14+57.00
15+07.00
15+57.00

Primary Consolidation -
Settlement (in)

Pre-settlement
slope

overconsolidated clays
overconsolidated

clays
overconsolidated clays

original distance
between

final distance between
(overconsolidated clays)

overconsolidated
clays

Slope at top of
native soil

overconsolidated
clays

22.76 --- 465.60 --- --- --- --- ---
30.56 7.80 458.83 50.37 50.46 0.1650% -12.24% -13.54%
36.69 6.13 459.46 50.01 50.00 0.0181% 2.28% 1.26%
38.73 2.03 460.42 50.01 50.01 0.0071% 2.26% 1.92%
42.07 3.34 461.29 50.01 50.01 0.0113% 2.30% 1.74%
45.00 2.93 462.16 50.01 50.01 0.0096% 2.22% 1.73%
47.40 2.40 463.05 50.01 50.01 0.0079% 2.18% 1.78%
48.49 1.09 464.06 50.01 50.01 0.0038% 2.20% 2.02%
49.07 0.58 465.10 50.01 50.01 0.0021% 2.18% 2.08%
50.72 1.64 466.06 50.01 50.01 0.0056% 2.20% 1.93%
46.65 4.06 467.64 50.02 50.02 0.0191% 2.48% 3.16%
43.21 3.44 469.16 50.02 50.02 0.0157% 2.46% 3.03%
39.18 4.03 470.74 50.02 50.02 0.0189% 2.48% 3.15%
35.99 3.19 472.23 50.02 50.02 0.0145% 2.46% 2.99%
28.91 7.09 474.06 50.02 50.03 0.0362% 2.48% 3.66%
26.49 2.42 479.46 50.27 50.29 0.0423% 10.40% 10.80%
29.96 3.47 496.04 52.77 52.68 0.1740% 33.74% 33.16%
33.75 3.79 512.86 52.85 52.75 0.1919% 34.26% 33.63%
36.53 2.78 529.77 52.86 52.78 0.1413% 34.28% 33.82%

Differential
Settlement (in)

Top of ground post
settlement (ft)

Distance between top of ground (ft) Strain
Post settlement

slope
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Project:  Scepter Class II Landfill
Task Description: Maximum Settlement Analysis

Page 2 of  4
Prepared 4/17/2018 by: SD

Reviewed 4/17/2018 by: MW

Discussion:

The following calculation is an example of the settlement analysis computed in Microsoft Excel.  The settlement
potential of the foundations soils is calculated for Scepter, Inc.'s Landfill  in Waverly, Tennessee.  The calculations are
based on the following reference:

1) Das, Braja M. Principles of Geotechnical Engineering, 7th Edition. Stamford: Cengage Learning 2010.

The maximum settlement was found to occur at Cross Section SN3, Station 7+50.  The following is a detail
calculation for this cross section.

The slope from this specific location (pre-settlement and post-settlement) to the leachate sump are also evaluated
below.

Geometry and Soil Parameters:

Unit weight of foundation soil, γs 120pcf:= Foundation soil in-situ void ratio, e0 0.90:=

Foundation soil compression index, Cc 0.20:= Foundation soil swell index, Cr 0.04:=

Preconsolidation pressure, σ'c 2600psf:=

Unit weight of waste, γwaste 110pcf:=

Unit weight of water, γw 62.4pcf:=

Cross Section Station Top of  Ground Elev. Approximate Top of Rock Elev. Water table Elev.
   SN3, 7+50 ELg 479.44ft:= ELtor 366.22ft:= ELw 469.44ft:=

Height of soil column, Hsc ELg ELtor- 113.22 ft=:=

Depth from ground to midpoint soil column, z
Hsc
2

56.61 ft=:=

Pore water pressure, u γw ELw ELtor- z-( )× 2908.46 psf×=:=

Vertical stress after excavation, σ'z γs ELg ELw-( )× γs ELw ELtor- z-( )×+ u- 3884.74 psf×=:=

1000 Corporate Centre Dr.
Suite 250
Franklin, Tennessee 37067

Date: 4/17/2018
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Embankment Fill - Waste

Cross Section Station Top of  Fill Elev. Grade Break Elev. Bottom of Fill Elev.
SN3, 7+50 ELf 613.71ft:= ELbr 562.29ft:= ELb 479.44ft:=

Assumed upper embankment height, Hemba ELf ELbr- 51.42 ft=:=

Assumed lower embankment height, Hembb ELbr ELb- 82.85 ft=:=

Upper embankment load - vertical stress increase (measured in AutoCAD)

au 74.22ft:= bu 183.79ft:= cu 3.18ft:= du 307.27ft:=

αu1 atan
au bu+

z
æç
è

ö÷
ø

atan
au
z

æç
è

ö÷
ø

- 0.44=:= αu2 atan
au
z

æç
è

ö÷
ø

0.92=:=

αu3 atan
cu
z

æç
è

ö÷
ø

0.06=:= αu4 atan
du
z

æç
è

ö÷
ø

1.39=:=

height above upper embankment (airspace), hupab 0.53ft:=

height of embankment at cross section station, hemb 50.89ft:=

upper embankment vertical stress increase components,

Δσ'z1
γwaste Hemba×

π
au bu+

bu
æç
è

ö÷
ø

αu1 αu2+( )×
au
bu

αu2×-éê
ë

ùú
û

× 2755.95 psf×=:=

Δσ'z2
γwaste hupab×

π
- αu3× 1.04- psf×=:=

Δσ'z3
γwaste hemb×

π
αu4× 2474.31 psf×=:=

1000 Corporate Centre Dr.
Suite 250
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Lower embankment load - vertical stress increase (measured in AutoCAD)

al 555.87ft:= bl 310.23ft:= cl 258.01ft:= dl 296.11ft:=

αl1 atan
al bl+

z
æç
è

ö÷
ø

atan
al
z

æç
è

ö÷
ø

- 0.04=:= αl2 atan
al
z

æç
è

ö÷
ø

1.47=:=

αl3 atan
cl dl+

z
æç
è

ö÷
ø

atan
cl
z

æç
è

ö÷
ø

- 0.11=:= αl4 atan
cl
z

æç
è

ö÷
ø

1.35=:=

lower embankment vertical stress increase components,

Δσ'z4
γwaste Hembb×

π
al bl+

bl
æç
è

ö÷
ø

αl1 αl2+( )×
al
bl

αl2×-éê
ë

ùú
û

× 4555.68 psf×=:=

Δσ'z5
γwaste Hembb×

π
cl dl+

dl
æç
è

ö÷
ø

αl3 αl4+( )×
cl
dl

αl4×-éê
ë

ùú
û

× 4550.02 psf×=:=

Total vertical stress increase, Δσ' Δσ'z1 Δσ'z2+ Δσ'z3+ Δσ'z4+ Δσ'z5+ 14334.92 psf×=:=

Calculate settlement of foundation soil due to addition of waste - Assumes overconsolidated clays

Sc
Cr z×

1 e0+
log

σ'z Δσ'+

σ'z

æ
ç
è

ö
÷
ø

× σ'z Δσ'+ σ'c£if

Cr z×

1 e0+
log

σ'c
σ'z

æ
ç
è

ö
÷
ø

×
Cc z×

1 e0+
log

σ'z Δσ'+

σ'c

æ
ç
è

ö
÷
ø

×+ σ'z Δσ'+ σ'c>if

57.97 in×=:=

Sc 4.83 ft=

Calculate ground slope between maximum settlement spot to leachate sump

Distance between points measured in AutoCAD , dist 670.89ft:=
Top of  proposed ground at SN3, Stat ion 7+50, ELpg1

479.44ft:=

Top of  proposed ground at sum p ELpg2
461ft:=

Ground elevation post-settlement at SN3, Station 7+50, ELps1
474.61ft:=

It is conservatively assumed that no settlement has occurred at the leachate sump.

Slope of proposed ground, slope1

ELpg1
ELpg2

-

dist
2.75 %×=:=

Slope of ground post-settlement, slope2

ELps1
ELpg2

-

dist
2.03 %×=:=

Both the proposed and post-settlement ground slopes are calculated to be greater than 2%.

1000 Corporate Centre Dr.
Suite 250
Franklin, Tennessee 37067

Date: 4/17/2018
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